Culminating Experience in
Fire Protection Engineering
California Polytechnic State University – San Luis Obispo
elewexe – Building 172B
Anna Santoro | June 11th, 2020

Statement of Disclaimer
This project is a result of a class assignment; it has been graded and accepted as a
fulfillment of the course requirements. Acceptance of this report in fulfillment of the course
requirements does not imply technical accuracy or reliability. Any use of this information
in this report is done at the risk of the user. These risks may include, but are not limited to,
catastrophic failure of the device infringement of patent or copyright laws. California
Polytechnic State University at San Luis Obispo and its staff cannot be held liable for any
use or misuse of the project.

Keywords
1. RSET – Required Safe Egress Time
2. ASET – Available Safe Egress Time
3. Performance Based Analysis
4. Design Fire
5. Unenclosed Stair

1

Table of Contents
Abstract.............................................................................................................................................4
Introduction.......................................................................................................................................5
Building Layout ................................................................................................................................5
Occupancy Classifications ........................................................................................................10
Construction Type.....................................................................................................................13
Interior Finish Requirements.....................................................................................................13
Fire Resistance Requirements................................................................................................14
Summary..................................................................................................................................15
Egress Analysis...............................................................................................................................15
Exits..........................................................................................................................................15
Occupant Load..........................................................................................................................17
Exit Capacity ............................................................................................................................18
Exit Signage .............................................................................................................................19
Evacuation Routes ................................................................................................................19
Occupant Characteristics that Influence Egress........................................................................20
Total Evacuation Time..............................................................................................................21
Tenability Performance Criteria ...............................................................................................22
Summary .................................................................................................................................23
Water Based Suppression Systems .................................................................................................23
Water Supply ...........................................................................................................................24
Occupancy Requirements.........................................................................................................24
Equipment Used in Sprinkler Suppression System ...................................................................25
Hydraulic Calculations .............................................................................................................25
Inspection Testing and Maintenace Requirements ...................................................................29
Summary.................................................................................................................................29
Fire Alarm and Detection ...............................................................................................................29
Detection Devices ....................................................................................................................30
Device Spacing, Location and Placement.............................................................................30
Fire Detection Response ...........................................................................................................31
2

Sequence of Operations.........................................................................................................32
Smoke Control System .........................................................................................................33
Fire Alarm System Requirements .............................................................................................33
Alarm Notification Appliances.................................................................................................35
Mass Notification Systems .......................................................................................................35
System Power Requirements ....................................................................................................35
Inspection, Testing and Maintenance Requirements .........................................................36
Summary .................................................................................................................................37
Performance Based Analysis ..........................................................................................................37
Analysis Methods.....................................................................................................................38
Heat Release Rate Curves ....................................................................................................38
Burnout Time .......................................................................................................................39
Sprinkler Activation.............................................................................................................40
Soot Yields ..........................................................................................................................42
Design Fire Scenarios ..............................................................................................................42
Design Fire – Dorm Room ...................................................................................................42
Design Fire – Atrium Fire ....................................................................................................47
Design Fire – Core Stairwell ................................................................................................53
Fire Modeling ..........................................................................................................................59
Unenclosed Stair ..................................................................................................................59
Required Safe Egress Time ................................................................................................60
Modeling Inputs....................................................................................................................61
Modeling Results .................................................................................................................63
Design vs Modeling..............................................................................................................75
Recommendations ................................................................................................................76
Summary .................................................................................................................................77
Conclusions..............................................................................................................................77
Prescriptive Analysis ............................................................................................................77
Performance Based Analysis ................................................................................................77
References.......................................................................................................................................79

3

Abstract
California Polytechnic State University at San Luis Obispo recently finished
constructing a new multimillion student housing project on campus. One of the six
buildings, elewexe or 172B, from this housing complex was selected for a full evaluation
of the fire and life safety systems using both prescriptive and performance based
approaches. The building is a Type II-B four story dormitory with an R-2 occupancy
classification.
For the prescriptive approach, the building was evaluated against the most current
editions of the IBC and relevant NFPA code editions for building requirements, sprinkler
design and fire alarm and detection. When looking at the building purely for code
compliance, everything complies except for administrative controls. The building is
constructed within the specifications of the IBC, the egress is adequate for the building,
the sprinkler system has a proper design and a strong water supply without a fire pump,
and the fire alarm and detection system meets the requirements listed in NFPA 72. One
aspect of the building, that is also found in the other buildings within the housing
community, is that there are unenclosed stairwells connecting four stories located within
the core of the buildings. This is allowed per the 2013 version of the CBC due to an
exception because the building is fully sprinklered. This exception causes a lot of
emphasis to be put on the sprinklers operating in the event of a fire.
For the performance based analysis is composed of three design fires and a fire
model within the report investigates one of the design fire scenarios occurring within the
main core and the sprinklers not activating to see if the building design still meets the
intent of the code. The results found that in such an event, the available safe egress time
(ASET) was less than the required safe egress time (RSET), meaning that in the event
that the sprinklers fail in a fire scenario in the core of the building, the building design
fails in the intent of the code. Ways to remedy this include increasing administrative
controls to limit the amount of fuel in the corridor, increasing testing and maintenance of
the sprinkler system to ensure that it functions when needed, an impairment control
policy, and adding compartmentation within the building to separate the core stairwell
from the rest of the building.
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Introduction
In Fall of 2018, California Polytechnic State University – San Luis Obispo
opened a new housing community for first year on campus residents. Within this housing
community there are seven buildings, of type II-B construction, fully sprinklered, ranging
from three to five stories. The housing complex and the buildings were named in honor of
and in partnership with the Northern Chumash, the Indigenous Peoples of San Luis
Obispo County. The housing complex overall is known as yakʔitʸutʸu, and each resident
hall is named after yak titʸu titʸu yak tiłhini Northern Chumash tribal locations throughout
the Central Coast region. The building that has been analyzed for this report is named
elewexe, however for this report, it will be referred to by its building number, 172B.
The codes that are primarily referenced in this analysis of 172B are the 2018
version of the International Building Code (IBC) and the 2018 version of NFPA codes
such as: 13, 13R, 72, and 101. This building was designed and constructed under the
2013 California Building Code (CBC).

Building Layout
The yakʔitʸutʸu housing complex is composed of seven residential buildings, one
parking garage, and a community center with a lecture hall. It is located on the southeast
position of campus, near the Grand Avenue entrance, as seen in Figure 1. The pink
building in Figure 1 is Building 172B.

Figure 1 - Site map of yakʔitʸutʸu complex
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Figure 2 - First Floor Building Layout
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Figure 3 - Second Floor Building Layout
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Figure 4 - Third Floor Building Layout

8

Figure 5 - Fourth Floor Building Layout
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Building 172B is a four story building, laid out having a common core with
hallways that extend on both sides that lead to the dwelling units. In the common core are
the restroom and common room areas. The layout of the building is shown above in
Figures 2 through 5. Full size drawings are also available in Appendix A. The layout is
mostly replicated throughout the building with only small differences in some areas. The
common room areas have two story atriums connecting the first and second common
rooms and the third and fourth common room areas, which can be seen in Figures 6 and
7. The first floor common area is equipped with a community kitchen available for
resident use. There is a main stairwell in the core that is un-enclosed, therefore not used
for egress purposes, and two enclosed stairwells on either end of the building. There are
more smaller study areas located throughout the building.

Figure 6 - Second Floor Common Area

Figure 7 - First Floor Common Area

OCCUPANCY CLASSIFICATIONS
Building 172B is classified as R-2 occupancy classification. According to section
310.4 of the IBC, the R-2 occupancy encompasses one or more sleeping units whose
occupants are primarily permanent in nature. While most of the building contains
sleeping units, there are also rooms for students to use as study rooms or communal areas
including a small communal kitchen on the first floor. For the purposes of egress, these
rooms have been designated an A-3 occupancy classification in accordance with the
definition in section 303.4 of the IBC. The large communal restroom, located in the
center of each floor, and the mechanical and electrical rooms have different the occupant
load factors, but are not classified as having a differing occupancy classification from R2. Each space has been colored according to their occupant loading factor that is
discussed later in the report. In Figures 8 through 11 shows the occupancy breakdown for
the building. These sheets are also located in Appendix B.
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Figure 8 – Occupant Classification Breakdown for First Floor

Figure 9 - Occupant Classification Breakdown for Second Floor
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Figure 10 - Occupant Classification Breakdown for Third Floor

Figure 11 - Occupant Classification Breakdown for Fourth Floor
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CONSTRUCTION TYPE
Building 172B is a Type II-B building. It is built from reinforced concrete, and
has that concrete exposed as an architectural feature, as seen in Figure 12 below. The
allowable height for the building is 60 ft., according to Table 504.3 in the 2018 IBC,
since the building is equipped with automatic sprinklers built to NFPA 13R. The actual
height of the building is 45 ft., in compliance with code requirements. The maximum
number of floors for the building is 4, according to Table 504.4 in the 2018 IBC, which is
the number of floors 172B has. The allowable area for Building 172B is 72,000 ft2. The
actual area for the facility is 41,146 ft2 meeting code requirements.
INTERIOR FINISH REQUIREMENTS
The interior finish requirements for 172B according to table 803.13 in the IBC is
class C for the interior exit stairways, exit passageways, corridors, enclosures for exit
access, rooms and enclosed spaces. Class C interior finish means that is will have a flame
spread index of 76-200 and a smoke-developed index of 4-450 tested in accordance with
ASTM E48 or UL 723. Interior finishes must comply with the acceptance criteria defined
by NFPA 286 which contains the following: while being exposed to a 40 kW flame, it
will not spread to the ceiling, flashover will not occur, peak HHR throughout test will not
exceed 800 kW and the total smoke will not exceed 1,000 m2. The building has exposed
concrete walls and some drywall that satisfy this criterion.
The interior floor finish requirements for 172B must be not less than a Class II
requirement according to section 804.4.2 of the IBC. Class II floors are determined by
ASTM E648 as having 0.22 watts/cm2 or greater. In order to be used in the R-2
occupancy for stairways, ramps, exit passageways, and corridors it must withstand a
minimum critical heat flux as determined by ASTM D2895. The building is provided
with industrial carpeting that passes ASTM E648.

Figure 12 - Example of Interior of Building
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FIRE RESISTANCE REQUIREMENTS
The fire resistance rating requirements for this building require fire rated elements
on the corridors, dwelling unit separation, shaft enclosures, boiler room and laundry
room. It does not require and fire resistance rating on the exterior walls because there is
more than a 30-foot separation between buildings in the complex, which is what the code
requires in the IBC (Table 602).
For the residential sleeping unit walls and floors, under section 420.8 in the IBC,
dwelling units can be separated by fire partitions as specified in section 708. In section
708.3 it states that fire partitions shall not have a fire resistance rating less than one hour,
except if, the building is of IIB, IIIB and VB construction and has automatic sprinklers.
Even though, 172B meets the exceptions to be allowed only a ½ hour resistance rating, it
is still constructed with a 1-hour separation. Corridors require a ½ hour separation,
according to Table 1020.2 in the IBC, and 1-hour separation was provided for that
requirement as-well.
The stairwell and elevator shafts are protected with a 2-hour resistance fire rating
according to section 713.4 that states that shaft enclosures shall have a rating of no less
than 2 hours where connecting four stories. For the laundry room and the in-house
furnace room on the first floor, they each require a 1-hour resistance fire wall rating
according to table 509 – incidental uses.
There is no fire resistance rating requirement for the structural frame, exterior and
interior bearing walls; however, 4 hours is provided. The roof and floor resistance
requirements also have no fire resistance requirements. The floors will be rated for a 1
hour fire resistance rating since it will be a concrete slab. The roof is also composed of
concrete and exceeds the fire resistance rating requirements.
Since building 172B is part of a residential community, it is important to make
sure that the building separation requirements are met. However, all buildings are located
more than 10 feet away from each other, therefore the requirement fire-resistance rating
for exterior walls is 0.
Table 1 - Fire Resistance Rating Requirements from 2018 IBC
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SUMMARY
Building 172B meets or exceeds all of the building prescriptive requirements laid
out in the 2018 IBC. Being constructed as an R-2, type IIB, fully-sprinklered building,
there were some allowances in terms of fire partitions that the contractors could have
used a lower fire rated walls between dwellings, however they used a stronger 1-hour
rated wall, most likely due to other requirement in other parts of the building (laundry
room/furnace) therefore having an ease of constructability. The fire resistance ratings
between compartments is allowed to be 30 mins, but that requirement is also exceeded
with 1 hour separation provided. All of the other resistance requirements are met with
what is required. The next section provides an analysis of the egress for the facility.

Egress Analysis
EXITS
Each floor has two stairwell exits located on the North-West and South-East side
of the building. There are stairs that are part of the core of the building. Since they are not
protected and serve all four floors, the stairs cannot be used in terms of calculating
egress. There are an additional two exits on the first floor. One to the main lobby area on
the west side of the building and one going in to the first-floor common room/communal
kitchen area, also facing west. The arrangement of exits is appropriate; the stairwell doors
are more than 1/2 than the building diagonal, which follows Section 7.5.1.3.2 of NFPA
101 and seen in Figure 14. The maximum travel distance in the building is 179 ft. also
seen in Figure 14, which is under the maximum 200 ft. stated in NFPA 101. There are no
dead end corridors or paths of egress within the facility.
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Figure 14 – Exit Separation Dimensions and Travel Distance

According to the 2018 IBC, in Table 1006.3.2, the number of exits per story in the
building is based on the occupant load for the floor. Since all floors have an occupant
load less than 500, the minimum number of exits per story is 2, which is provided by the
stairwells on the west and east sides of the building. Both stairs are 48-inch stairs, with a
7-11 tread, served by 36in clear-width doors on inlet and discharge. The additional two
exits on the west side of the building are 6-foot double doors. All doors open in the
direction of egress and have appropriate panic hardware. There are no horizontal exits in
the building. See Figure 15 below or Appendix A of attached drawing set for dimensions
on plan.
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Figure 15 – Dimensions of Stairs (TYP.)

OCCUPANT LOAD
The occupant load was calculated using load factors found in IBC table 1004.5 Maximum Floor Area Allowances Per Occupant. For the residential sleeping areas, the
code allows 50 ft2/person in dormitories, therefore each room’s square footage was
divided by the load factor to determine the maximum number of occupants could be in
the space at any time. The same process was repeated for the entire building. The
communal restrooms were classified as locker rooms due to their large size and had a
load factor of 50 ft2/person. The assembly areas due to the unconcentrated nature of the
usage space had a load factor of 15 ft2/person. The utility rooms and storage spaces were
combined in their own classification and have a load factor of 300 ft2/person. The
elevator and corridors were not counted as part of the load. They were only counted as
circulation space in this report. Below in Table 2 is a summary table of the occupant load
calculations.
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Table 2 – Occupant Load Summary Table

Floor
1

Total
2

Total
3

Total
4

Occupant Load Calculation
Sq Footage
Load Factor
Classification
2
2
(ft )
(ft /occ.)
R-2
189
50
A-3
1372
15
Storage/Utility
544
300

Occupant
Load
108
92
14
214

R-2
A-3
Storage/Utility

5023
277
397

50
15
300

106
92
4
202

R-2
A-3
Storage/Utility

5338
1970
405

50
15
300

120
133
4
257

R-2
A-3
Storage/Utility

5334
1448
161

50
15
300

120
98
4
222
895

Total
Building Total

EXIT CAPACITY
Once the occupant load for each floor was calculated, the exits were then
analyzed to be sure that they could appropriately handle the amount of people per floor.
Taking the maximum number of occupants on a floor, the third floor, as the baseline
comparison, the limiting factor between the door and the stairs needed to be found. The
2018 IBC Section 1005.3.1 of the 2018 IBC specifies the occupant load factor for stairs
as 0.3 in/occupant and in section 1005.3.2, it specifies 0.2 in/occupant load factor for
other egress components. The equation that is listed in NFPA for a staircase that is more
than 44 inches was also taken into consideration. In this case the IBC value was more
conservative, and it is the one that was used in this analysis. The exit capacity provided
for the building is more than enough for the occupant load calculated, Tables 3 and 4
below summarizes the calculations performed.
Table 3 – Exit Capacity Calculation Summary

Exit
Component
Stair
Door

Exit Capacity Calculation
Load Factor Exit Capacity
Width (in.)
(in/occ.)
(Width/LF)
48
0.3
160
36
0.2
180
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Table 4 – Exit Sufficient for Occupant Load

Highest Floor Occ. Load:
Exit Capacity:
Number of Exit per Floor:
Total Exit Capacity:
No. Occ < Capacity?

257
160
2
320
Yes

EXIT SIGNAGE
Exit signage for 172B is marked according to provisions set in section 1013 of the
IBC. The paths of egress travel and the direction of egress travel is directly marked to be
immediately visible for occupants. They are within 100ft of viewing distance and are
provided with the adequate lighting and power necessary to run appropriately. There are
exceptions that state that they are not necessary in rooms that only require one exit or exit
access nor in individual dwelling units for R-2 residencies. There is a clipping of the
fourth floor in Figure 15, however the drawings provide better visibility of where the
signage is located throughout the building.

Figure 15 – Map of 4th Floor Showing Exit Signs

Evacuation Routes
The exit routes for the building are through the hallways towards the egress
stairwells on the exterior of the building, as seen in Figure 16 below.
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Figure 16 - Egress Routes in Building 172 B

One thing to note is that when fire drills were conducted in this building, it was
very common for students to use the central unenclosed stairwell. This stairwell is the
main route for students to traverse the building, therefore the one they are most familiar.
In an event of an emergency, it is likely that they would use that path before looking for
an alternative route of egress.
OCCUPANT CHARACTERISTICS THAT INFLUENCE EGRESS
The population who will be occupying building 172B is first year college
students, typically aged 18-20 years old with some residential advisors living with them
within the age range of 19-22. Seeing as how the typical college freshman is a recent high
school graduate, it is safe to assume that for most of the occupants, this will be their first
residence on their own, away from their parents. Given that there is a group of new
students going through this experience together, they are more likely to form community
ties than in a normal apartment-like complex, so that in the case of an emergency,
occupants may look for friends/loved ones, delaying evacuation times.
Another characteristic that this group of occupants is prone to that can affect
egress times is that they are prone to setting off smoke detectors with false alarms such as
burnt popcorn. The University Police Department must respond to fire alarms going off 3
times a day all over campus that turn out to be false alarms. With the frequency of false
alarms, students will be less willing to believe an alarm in a real emergency – they will
need more information. Which means that in the event of a fire, their pre-movement time
will be delayed due to students questioning if it is a real alarm or not and not wanting to
have to leave what they are doing to evacuate the building. This also ties into the social
factor that influences human behavior in fire, because if the students see other students
who do not want to leave, then they will be less inclined to act. In this situation it will be
very important for the RA’s to be leaders and be floor wardens and get their residents to
evacuate.
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Another influence is that depending on when during the week an alarm goes off,
reaction times could be delayed due to alcohol. Even though the legal drinking age is 21,
it would be naïve to not consider that this dorm building is on a college campus and
alcohol consumption does occur, primarily on Friday and Saturday evenings. Cal Poly
has a strict no alcohol policy within the dorms themselves, but that does not stop students
from going elsewhere then returning to their dorms later in the evening intoxicated.
Numerous studies have shown that someone who is intoxicated has a delayed response
time, and worst case scenario if they are deeply intoxicated may not wake up in the case
of an emergency.
Looking at the data in Table 4.2.1 for Delay Times Derived from Actual Fires and
Evacuation Exercises in the Fire Protection Handbooks, for mid-rise apartment buildings
the mead delay time could me anywhere from 2.5 to 9.7 minutes, showing that getting the
necessary information to shorten pre-movement time is critical were an emergency to
occur in 172B.
TOTAL EVACUATION TIME
For the total evacuation time of 172B, a first-order analysis was done, and the
time was calculated to be just over 9 minutes, or 600 seconds. The assumptions made in
order to calculate the total evacuation for building 172B are as follows:








Queuing will occur, determining the egress times for floors 2-4.
First floor evacuation time will be determined using 4 exits available on
ground floor.
Fs=Fsm - D=0.175 people/ft2 according to Figure 4.2.7 in Chapter 2,
Section 4 of the NFPA Fire Protection Handbook.
All occupants start egress at the same time.
The population will use each exit available to them on their respective
floor in optimum balance.

The occupant load calculated above was used in counting how many people would use
each exit. The overall equation used to find the total time to evacuate the building (
𝑡(𝐸𝑥𝑖𝑡 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔)) is:
𝑡(𝐸𝑥𝑖𝑡 𝐵𝑢𝑖𝑙𝑑𝑖𝑛𝑔) =

# 𝑜𝑐𝑐𝑢𝑝. 𝑢𝑠𝑖𝑛𝑔 𝐸𝑥𝑖𝑡
+ 𝑡(𝑇𝑟𝑎𝑣𝑒𝑟𝑠𝑒) + 𝑡(𝐸𝑣𝑎𝑐. 1𝑠𝑡 𝐹𝑙𝑜𝑜𝑟)
𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 𝑜𝑓 𝐸𝑥𝑖𝑡

The equation used to find the time to evacuate the first floor (𝑡(𝐸𝑣𝑎𝑐𝑢𝑎𝑡𝑒 1𝑠𝑡 𝐹𝑙𝑜𝑜𝑟)) is:
𝑡(𝐸𝑣𝑎𝑐𝑢𝑎𝑡𝑒 1𝑠𝑡 𝐹𝑙𝑜𝑜𝑟) =

(𝑁𝑜. 𝑃𝑒𝑜𝑝𝑙𝑒 𝑜𝑛 𝐹𝑖𝑟𝑠𝑡 𝐹𝑙𝑜𝑜𝑟 𝑁𝑜. 𝐸𝑥𝑖𝑡𝑠 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒)
𝐹𝑙𝑜𝑤 𝑅𝑎𝑡𝑒 𝑜𝑓 𝑀𝑜𝑠𝑡 𝑅𝑒𝑠𝑡𝑟𝑖𝑐𝑡𝑖𝑣𝑒 𝐸𝑥𝑖𝑡

The equation to find the time to traverse a vertical floor (𝑡(𝑇𝑟𝑎𝑣𝑒𝑟𝑠𝑒 𝑎 𝐹𝑙𝑜𝑜𝑟)):
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𝑡(𝑇𝑟𝑎𝑣𝑒𝑟𝑠𝑒 𝐹𝑙𝑜𝑜𝑟) =

𝐹𝑙𝑜𝑜𝑟 𝐻𝑒𝑖𝑔ℎ𝑡 + (𝐿𝑎𝑛𝑑𝑖𝑛𝑔 𝐿𝑒𝑛𝑔𝑡ℎ ∗ 𝑁𝑜 𝑜𝑓 𝐿𝑎𝑛𝑑𝑖𝑛𝑔𝑠)
𝑘 ‒ 𝑎𝑘𝐷

Where k = 212 from Table 4.2.5, a = 2.86 when calculating feet per min, and D=0.175 as
established in the assumptions. The calculated evacuation times can be seen in the Tables
5 and 6 listed below.
Table 5 – Time to Evacuate First Floor

Time to Evacuate First Floor
No. Occupants per Floor
214
No. of Exits Available
4
No. Occup. using each Exit
54
Flow of Door out to Exterior
44
1.22

people
exits
people
people/min
min

Table 6 – Time to Evacuate Building

Time to Evacuate Entire Building
Floor Occupants
896 people
First Floor
214
Second Floor
202
Third Floor
257
Fourth Floor
223
No. Floors Evacuating
3 floors
Building Occupants Evacuating
682 people
No. of Exits per Upper Floor
2 exits
N. Occup. Using Each Exit
341 people
Flow of Limiting Egress Factor
44 people/min
Time to Travel One Vertical Floor 0.363571 min/floor
Time to Exit Building
9.33 min
TENABILITY PERFORMANCE CRITERIA
If a tenability analysis were to be performed on 172B the tenability limits would
be set as follows:
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Table 7 – Tenability Criteria
Tenability Limits
Compartment Temperature

65 ˚C

CO Concentration

1100 ppm

Visibility (familiar)

4m

Chapter 63, pg 2382 of the 2016 SFPE Handbook
Table 63.28 in the 2016 SFPE Handbook
Table 61.3 from 2016 SFPE Handbook

These tenability limits are set in Chapter 63 of the SFPE Handbook and are set so
that if they occur there is still a chance for occupants to survive. The methodology used
for 172B if a tenability analysis were to be performed would be finding the fraction of the
incapacitating dose as the conditions change with time. There would need to be a way to
account for using the proper respiratory ventilation factor, and at the point the FIN reaches
past the tenability limit that is the time it takes to incapacitation. Given that the students
who will be living here are young-adults will probably not have extenuating health
problems to be concerned about, this analysis is appropriate for the space.
SUMMARY
Overall building 172B meets all criteria to be a safe building in terms of life
safety. One area that may be an issue for this building is evacuation times. As mentioned
in the report there tends to be a lot of false alarms, especially in campus housing. This
leads to a problem once a real emergency happens if occupants disregard alarms thinking
it is another false alarm and do not move to evacuate immediately. In this case, it would
be recommended that the Resident Advisors be properly trained on evacuation
procedures and know to get the students out every time to ensure that no one is ever
injured due to identifying an emergency as a false alarm.
As for the egress time calculation itself, once students do begin to move, the time
of 10 minutes seems reasonable. There is an additional staircase in the core of the
building that is not protected, therefore cannot be used for egress calculation purposes;
however, in the event of an emergency, if it were safe to use those stairs, occupants
would most likely do so, seeing as it is the main entrance to the building. The allowances
for features in the building is due to having an automatic sprinkler system, which is
analyzed in the next section.

Water Based Suppression Systems
The sprinkler system designed and installed in the building is a quick-response
wet system. Section 8.1 of NFPA 13 outlines the design requirements of a wet pipe
system. The first requirement is a pressure gauge installed in each riser, above and below
23

each alarm check valve or system riser check. Pressure gauges allow for the system to be
monitored with ease and ensure that the appropriate amount of water is running through
the system. The second requirement is relief valves. A listed relief valve no less than ½
in. in size, set to operate at 175 psi, or 10 psi over the maximum pressure of the system,
whichever is greater. If there are auxiliary air reservoirs installed to absorb pressure
increases, relief valves are not required. Auxiliary systems are permitted where the water
supply is adequate, and heat tracing cannot be used in lieu of heated valve enclosures to
protect the valve and water supply system from freezing. However due to the mellow
climate of the San Luis Obispo region, frozen sprinkler pipes are not something that is a
concern. The final requirement listed in section 8.1 is air venting. A single air vent in
compliance with the requirements listed in 16.7 shall be provided on each wet pipe
system when using metallic pipe.
The sprinkler system provided in the building meets all these requirements.
Pressure gauges are indicated on the attached drawing set, as well as pointed out in a
photograph of a typical floor riser below. This system has a ½ in. relief valve, set to
operate at 185 psi, and because it has the relief valve, there is no auxiliary system in
place.
WATER SUPPLY
The sprinkler system for 172B is connected from the city water supply that runs
through campus on Grand Avenue. According to a flow test that had been done on
hydrants called out on in Appendix C. The static pressure is listed at 114 psi, residual
pressure listed at 75 psi with 2924 gpm. This curve is demonstrated as the red line on the
attached flow test summary in Appendix C.
OCCUPANCY REQUIREMENTS
Due to the residential classification of the building, the design and installation
requirements must follow that listed in Chapter 12 of NFPA 13R, 2019. Some of the
criteria includes properly installing sprinklers based on roof pitches (172B has a flat
ceiling so irrelevant in this case), spacing requirements, placement requirements, how to
place in regard to obstructions, and sidewall sprinkler placing requirements. Additional
requirements are listed in NFPA 13R – for low rise residential occupancies, Chapter 7.
This includes the design density listed to be a minimum of 0.05 gpm/sq. ft, 0.1 gpm/sq. ft
was used in the project, 16’ x 16’ max area coverage, which is not exceeded in the
building, and the hose stream demand is 100 gpm.
Building 172B has 1 sprinkler per dormitory compartment, which provides
adequate coverage for the space. In spaces large enough to require more than one
sprinkler, the spacing is at the required 8ft and placed around obstructions as per
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instructed per code. The typical spacing on branch lines where the compartment requires
more than one sprinkler is 8 to 10 feet. As previously mentioned, there are no pitched or
sloped roofs or ceilings in this building so that was not a concern in this application.
EQUIPMENT USED IN SPRINKLER SUPPRESSION SYSTEM
The standpipe, cross main and branch lines are marked and called out on the
attached drawing set in Appendix C. There are three standpipes in the building, one in the
west stair and the other two in the east stair. One of the risers in the east stair is to supply
the sprinkler system, and the other risers supply the fire department connection (FDC).
The riser that supplies the sprinkler system has tamper switches and waterflow alarms at
every floor. The risers that supply the FDC’s are equipped with tamper switches. All
valves are locked in the open position to prevent tampering as well. The cross-main
located in south-east side of the building, closer to the riser, is sized at 2.5” and reduces
to 2” as it extends across the building. Since most of the branch lines have a small
number of sprinklers on them, they are mostly 1”, except for the branch line that protects
the bathrooms. Since more sprinklers are located on that branch line, it starts out at a
larger size then reduces. Notable sizes are highlighted on the attached drawing set. Each
residential dorm room is protected by a concealed side-wall sprinkler head, and the
common areas are protected by concealed overhead sprinklers. The k-factor of the
sprinklers used in the building is 5.8. Some of the common areas have upright heads
protecting the openings that are not concealed because they are out of reach and unable to
be tampered with. The sprinkler head details of the heads that used throughout building
172B can be found on sheet FP-0.2 in Appendix C outlined in a green box. The heads
installed are Viking VK462 concealed sprinkler heads. Throughout the common areas of
the building, and stairwells, pendant sprinklers are used. The temperature at which the
cap for the concealed sprinkler cap pops off is 165˚F and the sprinkler activates at 175˚F.
The pendant sprinkler activation temperature is also 175˚F. All sprinklers in the building
have an RTI value of 50, classifying them as quick response.
Because this building is also located in California, seismic bracing is also
required. Details for the bracing used in the design of this system is located throughout
the drawing package as well. Victaulic fittings and Viking sprinkler heads were the
manufacturers used.
HYDRAULIC CALCULATIONS
For the hydraulic calculations, one analysis was done by calculating a head by
head analysis of four of the most remote sprinkler heads, located on the fourth floor on
the north-west side of the building. These sprinkler heads are designated in pink in Figure
17.
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Figure 17 - Four Most Remote Sprinkler Heads Used for Head by Head Analysis

The system is a schedule 40, new steel pipe system, therefore a C factor of 140.
Dimensions of pipe lengths are marked in the drawings in red. Table 8 below was used to
determine the equivalent lengths for elbows, tees, and valves within the system. Using the
requirements above and head by head calculations in the attached spreadsheet in
Appendix C, it was calculated that the system demands a flow and pressure of 138.8 gpm
and 101.4 psi. Equations used in head by head analysis spreadsheet are provided below:

𝑄 = 𝐷𝑒𝑠𝑖𝑔𝑛 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 × 𝑆𝑞. 𝐹𝑡 𝑆𝑝𝑟𝑖𝑛𝑘𝑙𝑒𝑟 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒

()

𝑄
𝑃 =
𝐾
𝐾𝐵𝐿 =

2

𝑄
𝑃
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Table 8 – Equivalent Lengths Table 27.2.3.1.1 from NFPA 13 2019

A SprinkCalc analysis was done on the group of sprinklers in the fourth floor
living room area, as seen highlighted in yellow in Figure 18. This analysis was done to
determine which area had higher demand, the living room or the four remote sprinklers as
calculated above. The model of the SprinkCalc can be seen in Figure 19. Schedule 40
pipe was used, with K5.6 sprinkler heads and 6 inch drops. Equivalent pipe lengths from
Table 8 above were used to calculate the total pipe length to the riser on the east side of
the building.

Figure 18 - Sprinklers Used in SprinkCalc Analysis
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Figure 19 - Screenshot of SprinkCalc Model, also displays direction of where water travels in the
system

The SprinkCalc model calculated that the sprinklers located in the living room area on the
fourth floor created a demand of 323.5 gpm at 93.5 psi. Graphing this result, the water
supply is strong enough to handle this demand without the need of a fire pump, as seen in
Figure 20. The demand line is in green, the supply line in blue, and a hose stream
allowance of 100 gpm, for a light hazard occupancy, is denoted in red.

Figure 20 - Fire Sprinkler Demand Curve
Table 9 - Point Values for Sprinkler Demand Curve
Point on Graph
D1
D2
D3
S1
S2

Value
14.2 psi @ 0 gpm
93.5 psi @ 323.5 gpm
93.5 psi @ 423.5 gpm
114 psi @ 0 gpm
75 psi @ 2924 gpm
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INSPECTION TESTING AND MAINTENACE REQUIREMENTS
In order for the system to be approved for usage, it must go through a series of
tests outlined in Chapter 28 in NFPA 13 (2019). Criteria to pass the tests includes testing
the system hydrostatically at 200 psi. The system needs to maintain that pressure without
loss for two hours in order to pass. In order to see if there is a loss in pressure, gauges are
monitored as well as visual inspections are conducted in search of leaks. If there is any
part of the system that is usually ran at a pressure above 150 psi, that portion of the
system is tested 50 psi above working pressure to ensure it also maintains its integrity.
When the tests are conducted the authority having jurisdiction and the property owner or
their representative need to be notified of the date and time. It is also the responsibility of
the contractor to remove all caps and straps prior to placing the sprinkler system in
service. It also must pass a flow test to verify that the supply is unobstructed and that the
water supply is strong enough to power the system.
Once the system passes inspection and testing as deemed by the AHJ, it is the
responsibility of the owner to maintain the integrity of the sprinkler system. These
responsibilities are outlined in Chapter 5 of NFPA 25. Some of the responsibilities
includes performing inspections of the sprinklers from the floor level annually, testing
sample sprinklers in sections where required, and never reinstalling a sprinkler if it has
been removed. Since Building 172 was just recently turned over to the university, there
are no maintenance records on file to ensure that proper protocol is being enforced in
terms of maintain the system. In speaking with a representative from campus’s
Environmental Health & Safety department, there is currently a contract for all of
campus’ systems to be tested and inspected on a regular basis by a local contractor.
SUMMARY
Overall, this system is a straightforward wet-pipe system that is for a residential
occupancy. Because of the location of the dorms, it is at the beginning of the water
supply that feeds the rest of campus, it is enough of a supply without the need of a fire
pump for additional support. The engineers used concealed heads when designing this
building probably to reduce the likelihood of students messing with the system and
accidently setting it off. The next session will contain an analysis of the fire alarm and
detection systems that are provided within the building.

Fire Alarm and Detection
Building 172B was constructed with an automatic detection and alarm system
with emergency responder radio coverage throughout the entire building. The fire alarm
drawings for the building can be found in the Appendix D attached at the end of this
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report. Since this building is a subset of a larger housing project, the device symbols are
uniform throughout and can be found on the legend on sheet FA0-02
NFPA 101 section 28.3 outlines the protection requirements for new hotels and
dormitories, which is the classification of buidling172B. Within that chapter, it is stated
that notification is required per section 9.6, a risk analysis for an occupant load greater
than 100 is needed per section 9.14, smoke detectors are required per section 9.6 and
carbon monoxide detectors are required per section 9.12. From there, NFPA 72 outlines
how the system is designed and constructed per various chapters more specifically
discussed later on throughout the report.
The building’s fire alarm system is controlled by a Notifier fire alarm control
panel, Model No. NFW 100X, located in the first floor electrical room. This panel
controls all the systems, and because the electrical room also serves as the fire control
room, there is a 1 hour rated wall construction in the room.
DETECTION DEVICES
The detection devices that are located throughout the building include: smoke
detectors, carbon monoxide detectors, heat detectors and concealed sprinkler heads. All
of the detection devices, excluding the sprinklers, are supplied by Notifier to compose a
cohesive system. Details of the level of detection to send an alarm signal will be
discussed later in the report. Since the main purpose for sprinklers is for fire control, not
as dual purpose for detection, this section will include some detail about the sprinkler
heads that are being used in the building, however moving forward, detection analysis
will mainly focus on smoke, heat and carbon monoxide detectors. If a fire is detected, the
campus police and local fire department are notified. Campus police are first dispatched
to the area where the detector tripped to identify the problem and can cancel the fire
department if it is a false alarm. The waterflow and tamper devices also notify campus
police and the fire department. The building is also equipped with pull stations
throughout the building to activate the system manually. This process fulfills code
requirements for notification.
Device Spacing, Location and Placement
The spacing for each device is dictated by NFPA 72. Each device is placed no
more than 0.7S, where S is the listed coverage per section 17.6.3.1.1. The most common
device throughout the building is the smoke detectors which are listed to have 30 foot
spacing. Since the average square footage of the dorm rooms is 187 square feet, with the
longest edge being 14 feet, one detector per room is sufficient coverage. In the hallways
and common areas, the square footage is increased, and in two locations the ceiling
height increases from 10 feet to 19.5 feet. The smoke detectors still meet code
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requirements by being placed every 21 feet down the corridors, and no large common
area exceed the square footage requirements.
FIRE DETECTION RESPONSE
The smoke detectors that are installed throughout the building are addressable
photoelectric smoke detectors (Part No. FSP-851). These smoke detectors are plugged in
to the system and can be set to a specific sensitivity established from the panel. The range
of sensitivity that these detectors can be set at is from 0.5% per foot obscuration to 2.35
per foot obscuration and the operating temperature rage is from 32˚ to 120˚ Fahrenheit.
All detectors are paired with a base (Part No. B210LP) whose specification sheet can be
found in the Appendix D. Since combination fire/carbon monoxide/heat detectors are the
primary detection device installed throughout the building, the smoke detectors are
installed in areas of low occupancy such as the storage closets, electrical rooms, and data
rooms.
The building has some carbon monoxide detectors (Part No. FCO-851) that are
combination fire, heat and carbon monoxide detectors that have both normal and low
frequency settings. The low-frequency setting is paired with low-frequency sounder bases
which meet the NFPA 72 standard for sleeping area requirements. These devices are
addressable and programmable for different environments, which are specified in the
specification sheet located in Appendix D. For the dorm room environment, Notifier
recommends programming the devices to a level 3, which alarms when smoke is at a 3%
per foot of smoke obscuration. The heat detector portion of the detector is set to alarm at
135˚ Fahrenheit. The carbon monoxide concentration levels that activate the device are
listed in Table 10 below as well as the maximum time allotted per UL Standard 2034:
Table 10 – Concentration of CO and Maximum Alarm Times

The heat detectors (Part No. FST-851) provided in the building are less frequent
than the smoke detectors, only appearing in the janitor closet adjacent to the bathroom.
These heat detectors are addressable, fixed-temperature setpoint 135°F (57°C), rate-of-
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rise detection 15°F (8.3°C) per minute, high temperature heat 190°F (88°C). The base
plates used with these devices are the same ones used with the smoke detectors.
SEQUENCE OF OPERATIONS
Figure 21 below is the sequence of operations for Building 172B.

Figure 21 – Sequence of Operations Matrix
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Smoke Control System
Since Building 172B is not a high-rise building, there is no requirement to have a
pressurized smoke control system for the building. The building does have some features
to help with smoke travel throughout the facility. When the fire alarm is sent into trouble,
the dorm room doors are set to automatically close, preserving the separation for the
dorms, and the path of egress from a potential fire in a dorm room. There are also
automatic doors that cover the elevators, protecting smoke from travelling through the
elevator shaft, as seen in Figure 22 below.

Figure 22 - Automatic Door Protecting Elevator Opening

FIRE ALARM SYSTEM REQUIREMENTS
The requirements for the fire alarm systems for Building 172B is dictated by
NFPA 17, Chapter 18. Even though the specific chapter for dormitories is outlined in
Chapter 29, the applicable requirements refer back to Chapter 18 for Sleeping Area
Requirements. Starting with 18.4.6.1, the requirement for the noise level of the alarm
devices is the greater of 15 dB above ambient, 5 dB above the maximum noise level, or
75 dBA measured at the pillow area. The alarm is also required to be a low frequency
alarm signal to awake persons sleeping in the room. In order to meet this requirement
devices must both be within 10% of 520 Hz and be a listed device to produce a low
frequency.
For the visual requirements, they are outlined in section 5 of Chapter 18. The
frequency of the strobe flashes must not be no more than 2 per second and no less than 1
per second. The maximum pulse time is 20 milliseconds. The light color of the strobe
must be clear or nominal white, and not exceed 1000 cd. For spacing requirements and
specific minimum lighting and device amount requirements, that is dependent on the size
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of the room, refer to Tables 11 (a) and 11 (b) From section 18.5.5.5.1 in NFPA 72. Table
(a) is for wall mounted devices and Table (b) is for ceiling mounted, both of which are
present within 172B.

Table 11 (a) – Room Spacing for Wall-Mounted Visual Notification Appliances

Table 11 (b) – Room Spacing for Ceiling-Mounted Visual Notification Appliances
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ALARM NOTIFICATION APPLIANCES
This building is equipped with combination speaker/strobe devices throughout the
devices to alert the residents of an emergency. These devices are made by System Sensor,
and it is their L-series of devices. These speaker/strobe combination devices are
programable to the main system and interconnected so that if one device in the system
detects a problem, all devices in the system alert the building to the issue. They have an
automatic selection to 12 or 24 volts based on the candela output, which ranges from 15
to 177. The speakers are set to output 520 Hz square wave tones or a clear voice output.
One of these devices is placed in every dorm room, as the size of the dorm room
meets the coverage area capable of the devices, which also complies with NFPA 101,
Chapter 28. For the larger common areas, they can still be covered with one device, the
settings are changed to have a higher candela and louder horn. For the corridor’s, devices
are placed along the hallway as to not interfere with one another and to provide a
continuous alarm. Please reference Appendix D for the data sheets of the devices and the
locations throughout the building.
MASS NOTIFICATION SYSTEMS
According to NFPA 101, Chapter 28, section 3.4.4.1, this building is required to
have a mass notification system, because it is a dormitory for a university that has an
occupant load greater than 100. Therefore, this building is equipped with an EVACS
systems. Once there is a fire detected in the system an alarm is sounded, the horns will
chime first, then a voice message reads “There has been a fire alarm reported in the
building, please proceed to the stairways and exit the building, do not use the elevators.”
There are two annunciator stations for the station that overrides the programmed alarm
system to be able to communicate with the egressing population. If either of these are
used by the appropriate personnel, the sounding evacuation is overridden for the
annunciator message. This allows potential specific directions from the fire department.
One of the annunciators is located by the fire panel for easy fire department access, and
the other is located by the front desk for use by the building Resident Advisor if they are
trained on the system.
SYSTEM POWER REQUIREMENTS
In order for the system to be commissioned, there needs to be a backup power
battery for the system to still operate in the event of a fire when there is a loss of power,
such as after an earthquake. In order to know how much power is needed, calculations are
performed to adequately size batteries to run the system for at least fifteen minutes to
evacuate occupants out of the building.
For Building 172B batteries have been appropriately calculated to satisfy code
requirements to support the system in the event of loss of main power. The required
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alarm capacity for the building, is 1.615 amp-hours, calculated by multiplying 0.25 by the
total system alarm current, 6.46 amps. The required standby power for the system for 24
hours is 68.9 amp-hours, calculated by multiplying 24 by the total standby current for the
system, 2.87 amps. The total capacity for the system is calculated by adding those two
values, which is 70.5 amp-hours. Adding a safety factor of 20%, the total amp-hours
required for the system is 84.6. The building is supplied with two 12V 100 amp-hour
batteries, having a spare amp-hour capacity of 15.38 amp-hours. These calculations are
summarized below in Table 12.
Table 12 – Battery Calculations for Building 172B

INSPECTION, TESTING AND MAINTENANCE REQUIREMENTS
In order for the system to be approved for usage, it must go through a series of
tests outlined in Chapter 14 of NFPA 72. First the building must pass an acceptance
testing done with the AHJ of the area. After the initial acceptance testing, the interval of
testing is determined by the system and Table 14.3.1 in NFPA 72, or by local codes and
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the AHJ. Frequency varies from weekly to annually depending on the system. It is stated
specifically in the code however, that the sensitivity of the system must be checked 1 year
after installation.
Once the system passes inspection and testing as deemed by the AHJ, it is the
responsibility of the owner to maintain the integrity of the fire alarm system. Currently
for Building 172B, it has not been officially turned over to the university, therefore there
are no official maintenance records to ensure that proper protocol is being enforced in
terms of maintenance of the system. How the building is currently occupied with a
temporary occupancy certificate issued from the California State Fire Marshall’s office,
which allowed Cal Poly to house students in the building complex this year while
construction was finishing up before the system was completely commissioned. In order
to receive this certificate, some preliminary inspections were conducted to ensure that the
systems were functional. Once construction is fully completed for the entire housing
complex a full commissioning of the system will be completed. In speaking with a
representative from campus’s Environmental Health & Safety department, the university
currently holds a contract for all campus systems to be tested and inspected on a regular
basis by a local contractor.
SUMMARY
The systems designed for building 172B meets the code requirements for NFPA
72. This building is equipped with an EVACS system that serves as a mass notification
system since it services a university dormitory with an occupant load of over 100. There
are smoke detectors located in every dwelling, as well as combination speaker/strobe
devices to alert residents when there is an issue. If there is a fire in the space, it is shown
in the analysis that early detection and fast suppression when working together can
contain the fire to allow for successful egress.

Performance Based Analysis
This portion of the report outlines a performance based analysis conducted on
Building 172B. In order to conduct this analysis, three possible design fires were put
together, and one was modeled and analyzed for the purpose of this report. The objective
for this performance based analysis is to analyze the life safety of Building 172B. The
three design fires are located in a dorm room, in the first floor communal area, and on the
second floor core stair. The dorm room was selected to show how ventilation affects a
fire, the first floor atrium was chosen due to the high ceilings, and the second floor of the
core stair was chosen to see how smoke travelled through the building with the
interconnected stair.
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ANALYSIS METHODS
Heat Release Rate Curves
In order to analyze the HRR cures for the design fires within the compartments,
there were two methods used. The first was to estimate a fuel load based on the
compartment size and SFPE Handbook values for the amount of energy released per area,
from there, select an appropriate alpha value, to the create an overall alpha-t-squared fire
curve for the compartment. The second method was to analyze data found for individual
fuel packages and extract an alpha value. This methodology is outlined in detail in a
paper written by Hyeong-Jin Kim and David G. Lilley in their paper Heat Release Rates
of Burning Items in Fires. Extracting alpha values is done by plotting the data found in
the growth phase and fitting a second order polynomial trend line to the data. By then
extracting the equation of the trendline, the coefficient of the squared term is the alpha
value. From there, the same can be done for the decay phase of the fire, where plotting
the data once the fire begins to decay will give an alpha decay value. The time between
alpha growth and alpha decay is where the fuel burning is estimated to be burning at a
steady rate at its maximum HRR. With the alpha values and the time steps for growth,
steady state, and decay, a plot can be made of an alpha-t-squared fire of the burning fuel
package to then be on a uniform time step. Figure ### below is a representation of the
different phases during a fire as described above.

Figure 23 – Phases of fire and corresponding alpha equations.
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This methodology is important because it allows for easy comparisons between
fuel packages to be made, even if the measurements of the HRR curves were originally
done on different time steps. With the comparisons, an analysis based on the critical heat
flux for ignition and the orientation of the fuel packages is completed to calculate if and
when a second item would ignite. This is done by using Equations (1) and (2) below.
Equation 1 is the radiative portion of the HRR that is released from a fire. For the
analysis in this design fire the radiative fraction chosen was a value of 0.3.
𝑄 𝑅 = 𝜒𝑅 𝑄 𝑇

(1)

From there Equation (2) was re-arranged to Equation (3) to be able to solve for the
amount of radiative heat flux the second item receives.
''
𝑄𝑅 = 4𝜋𝑅2𝑞𝑒𝑥
''
𝑞𝑒𝑥
=

𝑄𝑅

(2)
(3)

4𝜋𝑅2

Once the external heat flux on the second item is known, it is compared to the critical
''
''
heat flux for ignition for the item and at the point where 𝑞𝑒𝑥
then ignition of the
> 𝑞𝑖𝑔,𝑐𝑟
second item occurs. Once that happens (if it happens) at the time it took to ignite is added
as a delay from the preceding ignition time, and the curve is then added to the overall
HRR curve for the design fire. The process is repeated for the second burning item to see
if it will ignite the third item. The ensuing item ignition is based on only the item HRR
that came before it, not the compiled overall HRR for ease of calculation purposes. Once
the individual fuel package curves are compiled based on the ignition times, it creates the
overall heat release rate curve for the design fire. This overall HRR is used in other
analyses such as sprinkler activations.
Burnout Time
The burnout time for the design fire dictates how long each design fire occurred because
it was calculated based on the amount of energy released from the fuel. For the first
method, the total amount of energy released from the compartment based on the area was
known due to the fuel load density, therefore the HRR curve ran until the total area under
the curve was equal to that value. The same concept applies to the second methodology,
however in order to find the total energy released in the design fire the area under the
overall HRR was calculated, the time for how long to run the alpha-t-squared fires is not
a concern since we have the burning time data from the experiment. Knowing the total
energy released however helps knowing how long to extend the sprinkler curve once
sprinkler activation occurs, as seen later in this paper.
The method used to calculate the area is the trapezoidal sum approximation method. The
formula typed into excel, as seen in the figure below, portions the area under the curve
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into trapezoids based on the time step, then another column adds them consecutively as
the fire progresses. Even though this is an approximate method for summing the area
under the curve, for this purpose, it is accurate enough to get a good estimate for the time
that the compartment will burn out. This can be seen in Figure 25 which demonstrates the
trapezoidal method pictorially.

Figure 24 – Screenshot of excel sheet to demonstrate trapezoidal method for finding the area
under the curve.

Figure 25 – Trapezoidal method used to approximate area under the curve.

Sprinkler Activation
Sprinkler activation was determined by using the combined overall HRR and Alpert’s
ceiling jet correlation to calculate the bulb temperature to see when it would activate. By
calculating sprinkler activation, the analysis changes based on the time of activation,
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because it is assumed that once the sprinkler activated the fire is controlled at that state,
therefore ignition of subsequent items stops. The temperature of the bulb is dictated by
the ceiling jet temperature which can be found using Alpert’s correlation, Equations (4)
and (5) and Figure 26 below.
2
3

()

5.38 𝑄 𝑟
, 𝐻 > 0.18
𝐻 𝑟

𝑇𝑗 ‒ 𝑇∞ =

𝑢𝑗 = 0.195

(

𝑄

2
1/3 3
𝐻

1/3

5/6

𝑟

)

,

𝑟

𝐻 > 0.15

(4)

(5)

Figure 26 – Pictorial representation of Alpert’s correlation.

Once the temperature of the ceiling jet is known, the temperature of the bulb is found by
using Equation (6). The system activates once the temperature of the bulb is heated past
the activation temperature. These equations can be plugged into Excel then plotted to find
the time.
𝑑𝑇𝑑
𝑑𝑡

=

𝑢𝑗
𝑅𝑇𝐼

(𝑇𝑗 ‒ 𝑇𝑑)

(6)

The sprinklers used in the building are Viking VK 462 sprinkler heads. They have a cap
activation temperature of 165˚F and a bulb activation temperature of 175˚F. There was no
data on the actual RTI value of the sprinkler, however they are listed as quick response,
therefore an RTI value of 50 ms1/2 was assumed and used in the analysis. These sprinkler
properties are constant throughout all three design fires.
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Soot Yields
The soot yields for the design fires can be found by using Equation (7).
𝑄
𝑚𝑠 = 𝑦𝑠
∆𝐻𝑐

(7)

DESIGN FIRE SCENARIOS
Design Fire – Dorm Room
For the first design fire, the location chosen was a dorm room because it is a good
representation of the most common occupancy of the space. This fire is also one of the
common demonstrations throughout the industry, especially to demonstrate the
importance of sprinklers. The location of the dorm room selected was on the second floor
near one of the enclosed stairwells on the end of the building. Figure 27 below shows the
compartment used in the analysis. The compartment dimensions are also shown in the
figure. The ceiling height is 9’3”, the compartment openings consist of a 5’x7’ window
and a 3’x8’ door that is connected to the alarm and detection system to automatically
close when the system is tripped. For this design fire, two scenarios were analyzed, one
where the system works properly and the door closes, and another where something
prevents the door from closing, therefore it is modeled as open.

Figure 27 – Plan view of dorm room compartment.
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The ventilation factors are important to consider in this analysis because it is the openings
of the compartment that determine the flashover temperature of the compartment. Table
13 below shows the two scenarios and two correlations, Thomas, Equation (7) and
Babrauskas, Equation (8), for the flashover scenarios.
Table 13 – Flashover values for the different compartment scenarios.

Thomas Correlation

Babrauskas Correlation

Door Closed

1817 kW

3010 kW

Door Open

3013 kW

5382 kW

𝑄𝑓𝑜
𝐴𝑜 𝐻

= 378 + 7.8
𝑄𝑓𝑜
𝐴𝑜 𝐻

𝐴𝑡
𝐴𝑜 𝐻

= 750

(8)

(9)

For this design fire the first method described in the previous section was used. The fuel
load estimated for this compartment as taken from the SFPE Handbook for dwellings is
780 MJ/m2. Multiplying this by the area of the compartment gives us a total energy
release of 13,406 MJ for the compartment. It was assumed a medium alpha value of
0.01172 kW/s2 based on Figure 28 below. Given that the fuel in the space will be
composed of cotton/polyester innerspring mattresses from the bed and the possible
ignition source for this design fire would be a student left an unattended candle on their
nightstand that caught their bedding on fire, it is a reasonable assumption.

Figure 28 – Alpha curves from NFPA 72
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Using Babrauskas’s calculated value for the compartment flashover, being that it is the
higher value, therefore more taxing on the system, an alpha-t-squared fire was generated
for both spaces as seen in Figures 29 and 30 below.
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Figure 29 – HRR curve for the door closed scenario.
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Figure 30 – HRR curve for the door open scenario.

Since the flashover HRR values for the door open scenario is higher than the door closed
scenario, the fuel is consumed faster, and the limit if 13,406 MJ being released from the
fire, is achieved quicker, leading to a faster burnout time of 49 min compared to 80 min
with the door closed.
Since both curves use the same alpha value, only one sprinkler analysis needed to be
made. Figure 31 shows the sprinkler layout for the compartment. Because the room is
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protected by a singular wall sprinkler, the spacing used in the analysis is a worst case
scenario of the fire originating in the opposite corner, giving us an r value of 15’. Figure
32 shows the graph of the gas temperature and the bulb temperature over time. The
dashed line represents the activation temperature, 175 F or 353 K, therefore at the
intersection point is the time of activation, which is at 3.5 min, using Alpert’s correlation.

Figure 31 - Plan view of the sprinkler plan for the compartment.

Figure 32 – Plot of bulb and gas temperature versus time.

Since activation occurs at 3.5 min, the HRR is capped at 1162 kW, which means the time
it takes for the compartment to burnout the fuel lasts longer until 195 mins. It is
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unrealistic to expect that the sprinkler system will run for the entire 195 mins, since that
is an equivalent to approximately 3.5 hours, and it is anticipated that there will be fire
department intervention before then, since sprinkler systems are not designed to run that
long. Below in Figure 33 is the plot of the HRR curve with sprinkler activation.
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Figure 33 – Plot of HRR curve with sprinkler activation within compartment.

The soot yields for this design fire were composed of a composite of the different fuels
found in the space. Based on observation, it was concluded that the prominent fuels
within the compartment consist of polyurethane foam found in the mattresses and chairs,
polyester that is used for the bedding, and wood that is the main material for the furniture
within the space.

Figure 34 – Example of the interior of a double occupancy dorm room in 172B.
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Based on the usage of the space, the following percentages were assumed, and a
composition was composed to analyze the soot yields. Below in Table 14 is the
individual yields and their respective percentages. Using the percentages, the composite
soot yield rate curve was generated, using the door closed HRR, as seen in Figure 35.
Table 14 – Soot Yield Percentages for Dorm Fire

Soot Production Rate (g/m)

*Values from SFPE Handbook
Polyurethane Foam
Polyester
Wood (Red Oak)

ys
0.227
0.091
0015

ΔHc
19
20.6
12.4

Percentages
15%
35%
50%
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Figure 35 – Plot of soot production rate curve.

Design Fire – Atrium Fire
The second design fire location was chosen to be placed in the atrium common
room space on the first floor. The layout consists of a large floorplan open two stories
high on the first floor, with a small platform on the second level. Please refer to Figure 36
to see the plan view of this layout. This common room design is repeated on the third and
fourth floor of the building. This room was selected because of the unique behavior of
atriums, and to make sure that the fire protection systems placed at the top of the highest
point in the atrium will activate in a reasonable amount of time given the fuel load in the
space. The fuel in the space, as seen in Figure 37 consists of couches and chairs with
some other small tables in the surrounding areas. Since the peak HRR for the chairs and
couches typically greatly overshadow the peak HRR of furniture such as small coffee
tables, only the two chairs and two sofas as seen in the picture were used in the analysis.
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Figure 36 – Plan view of the atrium space

Figure 37 – Picture of the fuel located within the atrium space.

Given that this building was built before January 2019, when CA TB 133 was still in
effect, it is a safe assumption that the furniture is compliant. However, given that the
bulletin has been repealed, the fuel packages chosen for this analysis are not TB 133
compliant. The data used for the chairs comes from Cleary and Ollenheimer’s paper The
Influence of Ignition Source on the Flaming Fire Hazard of Upholstered Furniture, that
was found from University of Maryland’s Burning Item Database. The data for the sofa
also was found from UoM’s Burning Item Database and is from Lawson, J. Randall, W.
Douglas Walton and William H. Twilley, Fire Performance of Furnishings as Measured
in the NBS Furniture Calorimeter. Part I. Details of the alpha values extracted from the
data for each piece of furniture are listed in Table 15 below. Below that, in Figures 38
and 39 is a comparison of the created alpha-t-squared curves and the actual data.
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Table 15 - Values extracted from data for atrium fire
Item
Sofa
Chair

t0 (s)
0
0

tl0 (s)
254
180

td (s)
325
233

tend (s)
2071
1532

αg
(kW/s2)
0.049500
0.022000

500

1000

1500

2000

αd
(kW/s2)
0.000600
0.000300

Q_dot (kW)
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3000
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2000
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0
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Time (sec)
Alpha Curve

Actual Data

Figure 38 – Sofa data HRR curve compared to actual data.
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Figure 39 - Chair data HRR curve compared to actual data.

For Figure 38, the decay phase is held steady at 300 kW until burn out as a conservative
estimate to not cut out part of the decay data with a curved polynomial trend. The design
49

fire ignition scenario is a possible cell phone, a Samsung Galaxy Note 7, slipping into the
cushions of the chair on the bottom right corner of Figure 39, overheating, and igniting
the chair. Assuming that the pieces of furniture are spaced 0.5m apart from each other,
the delay of the second piece of furniture igniting is 111s, the third piece ignites at 186s,
and the fourth piece ignites at 297s. This delay is based off the sofa having a critical heat
flux of 26 kW/m2 for vinyl and the chair having a critical heat flux of 25 kW/m2 for
polyolefin. The combined HRR curve for the compartment can be seen in Figure 40
below.
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Figure 40 – Combined HRR curve for atrium design fire.
The peak HRR calculated for this design fire is 5454 kW and the fire duration is 40 min.
The total energy released was calculated to be 4526 MJ. The ceiling height of the
compartment is 19.5’ and the sprinkler spacing within the atrium space is 12’, however,
due to the grid spacing arrangement, the diagonal of 17’ was used as the spacing when
running calculations. See sprinkler plan below in Figure 41 for reference.
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Figure 41 – Sprinkler plan for atrium design fire.

Figure 42 – Sprinkler activation plot for atrium design fire.
Figure 42 above shows that the sprinkler system activates at 4.6 mins, at the temperature
of 175 ˚F or 353 K. This caps the combined HRR curve at 2000 kW for 58 min to burn
out the compartment energy. The time that the system activates is just after the second
chair ignites, preventing ignition of the fourth item. The sprinkler activation HRR curve
can be seen in Figure 43 below.
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Figure 43 – Sprinkler HRR curve of atrium fire.

Based on the usage of the space, the following percentages were assumed, and a
composition was composed to analyze the soot yields. Below in Table 16 is the
individual yields and their respective percentages. Using the percentages, the composite
soot yield rate curve was generated, as seen in Figure 44.
Table 16 – Soot Yield Percentages for Atrium Fire

*Values from SFPE Handbook
Polyurethane Foam
Polyolefin
Vinyl
Wood (Red Oak)

ys
0.227
0.119
0.172
0015

ΔHc
19
10.7
16.4
12.4

Percentages
60%
15%
15%
10%
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Figure 44 – Soot generation rate plot for atrium fire.

Design Fire – Core Stairwell
The final design fire was placed on the second floor stairwell landing in the
middle of the building because of its proximity to the corridors that are the main path of
egress for the occupants. The stairwell that is in the center of the building is not
protected, and therefore is not counted for egress purposes, however, it does connect all
four floors providing a pathway for smoke to potentially spread through the building. For
that reason, this design fire was selected. See Figure 45 below to see the plan view
location of design fire three. The plan south area of the compartment is open to the first
floor below. The area of this compartment is 807 square feet, and due to the large nature
of the compartment and the abundance of openings, it was assumed that this compartment
will not reach flashover.

Figure 45 – Plan view of corridor design fire.
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The space as designed did not have any furniture planned for this area. However, since
this building is located on a college campus and students tend to be ignorant of what is
and is not allowed in spaces in regard to furniture, Figure 46a is a photo taken of the
actual space to demonstrate what type of fuel can be found in the space today, even
though the corridor is supposed to remain free of fuel. The collection of furniture in the
corridor is due to a lack of administrative controls. For the purposes of this design fire, a
different fuel load was assumed to create a different type of design fire, based on the
assumption that college students will place furniture where it does not belong. The fuel
load selected for the space is beanbags because the space is fitting for this type of “hang
out” furniture. See Figure 46b below.

Figure 46a (Left) - Photo taken of the actual space. Figure 46b (Right) - Assumed fuel load for
the space.

The data used for burning bean bags comes from the Kim and Lilley paper referenced in
the analysis section. Since the data came from the paper the analysis was based from, the
alpha values for growth and decay were given, as well as the time points for the different
phases and can be seen in Table 3 below. Also below is the comparison between the
alpha-t-squared curve and the actual data in Figure 47.
Table 16 - Values used to create bean bag HRR curve
t0 (s)
88

tl0 (s)
545

td (s)
718

tend (s)
1228

αg
(kW/s2)
0.002296

αd
(kW/s2)
0.001843
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Figure 47 – Comparison of alpha-t-squared fire and actual data.

Looking at the data, the bean bag does not actually ignite until 88 seconds after they start
recording time, this is adjusted once the curves are compiled together to see second item
ignition times for the overall curve. For the overall curve it was assumed that there were
five bean bags of all the same material in the space, placed 0.25m apart from each other.
Theoretically, a student could leave a laptop charging on one of these beanbag chairs,
then having a malfunction in the electronics caused from the laptop not being able to cool
properly could cause an ignition. From there, the critical heat flux of the material of the
beanbags, polyurethane, is 13 kW/m2, so a second item ignition was reached after 125
seconds. Assuming that the beanbags then ignited at a staggered 125 seconds, Figure 48
shows the plotted combined HRR curve.
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Figure 48 - Plot of combined HRR for corridor fire.

The peak HRR for this design fire was calculated to be 1726 kW and the burning duration
for this fire is 27 min. The total energy released is 1187 MJ. When taking this overall
HRR and analyzing the sprinkler system, the spacing used for analysis is 12 ft. It is worth
to note that after the primary analysis for this report was complete, it was discovered
from the California State Fire Marshall that one of the conditions for approval to allow
the staircase in the middle of the building is to have 18” draft curtains and reduced
sprinkler spacing around the stairwells which can be seen in Figure 49 below.
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Figure 49 – Sprinkler plan for corridor design fire.

Further analysis is required to see how this design affects smoke movement and behavior
in terms of the entire building, however for the sake of this design fire, a spacing of 12 ft.
is still used to produce a more conservative analysis. Below in Figure 50 is the sprinkler
activation plot.

Figure 50 – Plot of gas temperature and bulb temperature to find activation time.
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The time the sprinkler system activates, due to the slow growing nature of the beanbags,
is at 5.91 min, at the temperature of 175 ˚F or 353 K. This allows for three beanbags to
ignite, capping the HRR at 427 kW once the sprinkler activates. Assuming that the same
amount of energy is released from the compartment, it would take 51 mins for this fire to
burn out with sprinkler control. Figure 51 shows the HRR plot with sprinkler activation.
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Figure 51 – Plot of HRR curve with sprinkler activation.

Since the only fuel used in the analysis is the bean bags, a breakdown of the composition
of the chair was assumed into the beans filling the chair and material containing it. Below
in Table 4 is the individual yields and their respective percentages. Using the
percentages, the composite soot yield rate curve was generated, as seen in Figure 52.
Table 17 – Soot Yield Percentages for Corridor Fire
Values from SFPE Handbook Table A.39
Expanded Polystyrene

ys

ΔHc

Percentages

0.164

19

100%
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Figure 52 – Soot yield plot for corridor fire.

FIRE MODELING
For the fire modeling analysis, the design fire in the main core was selected to be
modeled in PyroSim. In creating this model, assumptions were made that the space has
the combustible fuel loading outlined in the design fire scenario and that the sprinkler
system is impaired and will not activate. This compartment will allow for the worst case
scenario for the analysis. In addition to save in computation power, only the top three
floors were modeled in FDS, since the fire is anticipated to start on the second floor due
to the high likelihood of the storage of combustibles. The model was ran for
approximately 16 mins just after the fire reaches its peak HRR instead of the full 23mins
as described above to save computational power.
Unenclosed Stair
The presence of the unenclosed stair connecting all four floors in the core of the
building makes this feature a point of interest for a modeling purpose. In the IBC, the
exceptions for unenclosed vertical openings apply to single residential units connecting
four floors, or sprinklered mercantile occupancies with escalators. However, this building
was built using the 2013 version of the CBC. Starting with Section 712.1.12, for
Unenclosed Stairs and Ramps, it states that vertical floor openings created by unenclosed
stairs or ramps must be in accordance with sections 1009.2 and 1009.3. Section 1009.2
states that the exit stairway must lead directly to the exterior of the building. Section
1009.3 states that the openings between floors shall be enclosed, but has some exceptions
listed. The exception that is used for Building 172B is Exception H; which states in other
than groups B, I-2, 2-2.1, I-3 and M occupancies, exit access stairways are not required to
be enclosed provided the building is provided with an automatic sprinkler system, with
closely spaces sprinklers around the opening and a draft curtain in accordance with
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NFPA 13. There are also requirements to not exceed more than four stories and that the
opening does not exceed twice the horizontal projected area of the exit stairway.
This exception allowing the unenclosed stairwell interconnecting the four floors
of the building is permitted due to the building being equipped with a sprinkler system.
However, in the event of a fire, this means that the design of the building is relying
heavily the automatic suppression portion of the fire safety strategy to protect the
occupants and the property. This model is intended to analyze the performance of
Building 172B in the event that this key piece of the fire safety strategy fails.
Required Safe Egress Time
The required safe egress time (RSET) for the building is composed of three times,
detection time, pre-movement time and evacuation movement time. The evacuation
movement time was calculated to be 600 seconds. Detection time is taken to be at 60
seconds, which is an average time for smoke detector activation as well as a smoke
detector with an RTI of 5 and an activation temperature of 85 ˚F, which is an increase of
15 degrees within a minute, seen in Figure 53.

Figure 53 – Smoke detector activation plot

The pre-movement time is determined by using the following equation from the paper by
Yan, Han, and Li: Accurate assessment of RSET for Building Fire Based on Engineering
Calculation and Numerical Simulation [12]:
𝑇𝑝𝑟𝑒 = 120 +

1
𝐴20

+ 0.4𝐻
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Where A0 is the area of the building, 49,164 ft2 and H is the height of the building, 45 ft.
Pre-movement time is calculated to be 248 seconds. The total RSET is 908 seconds or
15.1 mins.
Modeling Inputs
As stated before, since the design fire is located on the second floor of the
building in the core, only floors 2, 3 and 4 are modeled. Five burners to represent the
bean bags are located on the second floor. The burners were set to be an alpha t2 fire,
having a max Heat Release Rate Per Area (HRRPUA) of 435 kW/m2 and a ramp up time
of 300 s to match the actual data from Kim and Lilley’s burn data for a bean bag char as
discussed in the design fire section.
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Figure 54 - Chair Data from Kim and Lilley

Beanbags are made from Expanded Polystyrene beads. The reaction for the model
was set for a Polystyrene fuel with a simple chemistry composition for C8H8. The carbon
monoxide yield (YCO) was set for 0.06, the soot yield (YS) was set for 0.164, and the
hydrogen fraction set for 0.014. These values came from Table A.39 of the Appendix of
the SFPE Handbook for expanded polystyrene.
To replicate the overall HRR calculated for the entire fire, the burner ignition
times were staggered to start at the same time steps that were calculated in the design fire
scenario. The time steps were calculated based on the ignition temperature and spacing
between the bean bag chairs. In the design fire, based on the staggered ignitions and the
total burning time for five chairs, the fire was designed to last a total of 1645 seconds or
27.4 min. However, due to limitations in processing power, the model was processed for
1000 seconds or 16.6 min, just after the model reaches peak HRR and before decay
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begins. Below, in Figures 55 and 56 are screenshots of the model. Note: some walls are
hidden for clarity.

Figure 55 - Screenshot of PyroSim Model

Figure 56 - Close Up of Building Model Core

Slice files measuring temperature were placed at the mid-level and ceiling level
throughout the levels of the building, as seen in Figure 57. Slice files measuring visibility
are places at eye level throughout the compartment, seen in Figure 58. These slice files
are used to measure the tenability criteria such as when visibility drops below 4m, the CO
concentration goes above 1100 ppm, and when temperatures rise above 65˚C.

Figure 57 - Temperature Slice Files
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Figure 58 - Visibility and CO Slice Files

Modeling Results
After running the model for 1000 seconds, smoke completely fills the fire
compartment. As the fire grew in size, the smoke from the fire first filled the core then
extended towards the hallways. First, Figures 59 through 68 will show time step
progressions of the smoke travel throughout the building. Then Figures 69 through 72
will show the time step progressions with the compartment temperature slice files, and
Figures 73 through 14 are the time steps for the ceiling temperatures. Figures 77 through
79 will show the progression of the CO concentration within the building during the
design fire. And finally Figures 80 through 85 will show the time step progressions with
the visibility slice files.
Smoke Travel
The following figures show the time steps at minute intervals to show the smoke
progression throughout the building until 600 seconds once the entire building is engulfed
in smoke. Notable figures are discussed in this paragraph. The first time step is showing
the model at 60 seconds after ignition to show the first burner during the growth phase.
The second time step is at 120 seconds is once the second burner ignites and a significant
smoke layer has built up in the second floor and third floor core area. At this time smoke
also begins to travel down the west hallway on the second floor and the east hallway on
the third floor. The third time step is at 180 seconds, the third burner not ignited, however
the smoke layer on the second and third floors of the building have descended to the floor
and smoke is accumulating on the third floor. The next time step at 240 seconds, the third
burner has ignited, and the entire core is filled with smoke. The fourth burner ignites at
375 seconds, and the fifth burner ignites at 500 seconds. Figure 64 at 360 seconds is
when the west side of the building is filled with smoke.
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Figure 59 - Smoke Travel at 60 sec.

Figure 60 - Smoke Travel at 120 sec.

Figure 61 - Smoke Travel at 180 sec.

Figure 62 - Smoke Travel at 240 sec.

Figure 63 - Smoke Travel at 300 sec.
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Figure 64 - Smoke Travel at 360 Sec.

Figure 65 - Smoke Travel at 420 sec.

Figure 66 - Smoke Travel at 480 sec.

Figure 67 - Smoke Travel at 540 sec.

Figure 68 - Smoke Travel at 600 sec.

Compartment Temperatures
For the compartment temperatures, slice files were placed throughout the building
at mid compartment level and the ceiling level. The purpose for the mid-level slice files is
to measure temperatures for untenable conditions being above 65˚C at the mid-level. The
purpose for the ceiling level slice files is to measure temperatures for possible building
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damage. Since this building is made of reinforced concrete, it can be subjected to thermal
degradation beginning at about 300˚C.
First looking at the mid-level slice files for untenable conditions, the compartment
begins to significantly increase in temperature on the fire floor at approximately 250 s, as
seen in Figure 69. The core on the fire floor ant the floor above reaches untenable
conditions around 360 seconds as seen in Figure 70. At that time, the temperature begins
to increase in the west hallway in the fire floor as well. The west hallway on the fire floor
reaches untenable temperature conditions at 600 seconds, as seen in Figure 71. This
figure also shows that the west hallway on the floor above the fire and the top core floor
begin to increase. At 800 seconds, the top floor of the core reaches untenable temperature
conditions as well at the west hallway on the floor above the fire floor, seen in Figure 72.

Figure 69 - Compartment Temperature at 250 sec.
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Figure 70 - Compartment Temperature at 360 sec.

Figure 71 -Compartment Temperature at 600 sec.
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Figure 72 - Compartment Temperature at 800 sec.

For ceiling level temperatures within the model, major temperatures begin to
register at 300 seconds on the fire floor directly above the fire, as seen in Figure 73.
However, ceiling temperatures do not begin to reach 300˚C until 420 seconds, seen in
Figure 74. At 575 seconds, or Figure 75, the ceiling above the fire begins to reach peak
temperatures of 420˚C, which expands throughout the compartment till the end at 1000
seconds in Figure 76. Other areas of the model see increases in temperature, but do not
reach over 300˚C.

Figure 73 - Ceiling Temperatures at 300 sec.
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Figure 74 - Ceiling Temperatures at 420 sec.

Figure 75 - Ceiling Temperature at 575 sec.
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Figure 76 - Ceiling Temperature at 1000 sec.
CO Concentration

For the concentration of carbon dioxide within the compartment, the first
compartment to lose tenability is the first floor core at 400 seconds, seen in Figure 77.
The next compartment is the second floor core and hallway, which goes above the
tenability limit at 500 seconds, Figure 78. The entire building crosses the tenability
threshold at 700 seconds, Figure 79.

Figure 77 - CO concentration at 400 sec.
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Figure 78 - CO concentration at 500 sec.

Figure 79 - CO concentration at 700 sec.
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Visibility
Looking at the slice files for visibility, starting with 90 seconds, seen in Figure 80,
visibility begins to decrease in the core of the fire floor and the floor above, but does not
cross that overall threshold of 3 meters for failing tenability criteria. At 120 seconds, we
lose visibility in the majority of the core where the unenclosed stairwell is, and visibility
begin to decrease at smoke travels down the hallway and to the top floor core. Once 180
seconds is reached in Figure 81, the fire floor and floor above core has completely lost
visibility, with visibility on the west hallways and on the top floor core rapidly
decreasing. At 240 seconds, the top floor core visibility is lost, as well as the fire floor
and floor above west hallways, seen in Figure 83. At 360 seconds (Figure 84) the entire
west side of the building has lost visibility, and the building loses all visibility at 450
seconds (Figure 85).

Figure 80 - Visibility at 90 sec.
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Figure 81 - Visibility at 120 sec.

Figure 82 - Visibility at 180 sec.
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Figure 83 - Visibility at 240 sec.

Figure 84 - Visibility at 360 sec.
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Figure 85 - Visibility at 450 sec.

Design vs Modeling
Comparing the modeling results with the design fire in terms of the HRR outputs we get
the results as seen in Figures 86 and 87 below. The design fire calculations predicted a
peak combined HRR of 1700 kW, just after 12 mins and held for approximately three
mins before decay set in, seen in Figure 86. Looking at the HRR graph produced from the
fire model in Figure 87, the combined HRR from all five burners activating reaches a
peak HRR of 2100 kW and is held for four mins until the end of the model when decay
would have set in.

Figure 86 - Combined HRR Curve from Design Fire
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Figure 87 - HRR Curve from Fire Model

Recommendations
There are multiple ways to mitigate hazards in order to prevent the scenario that is
modeled in this report. The first would be administrative controls of the building. What
this means is that the building was designed to be a sterile place in the corridors and on
the stairwell landings. Ideally, there would be no furniture in the area where the fuel load
was. However, as proven earlier in the report, fuel can make its way into these areas.
Improving upon administrative controls to prevent that, with training for the Resident
Advisors and building inspections can help ensure that fuel that is not supposed to be
there will not be there. Another mitigation step to take would be to increase testing of the
sprinkler system and to implement an impairment management system. The number one
reason for sprinkler failures is that something was closed when it should have been open.
There are already locks on the valves to help prevent easy tampering with the valves, but
an impairment management system would help prevent improperly closed valves after
repairs and routine maintenance, ensuring that the sprinkler system works when the
building needs it most. The final action that could be taken is to install an automatic
enclosure system. What is meant by that is some sort of automatic smoke curtain, or the
like, that could encapsulate the core and/or the stairwell. That way in the event of a fire
these devices would activate and prevent smoke from travelling throughout the entire
building, allowing more time for occupants to egress.
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SUMMARY
From the performance based analysis, it can be concluded that even though the
building was constructed to code, if there is a breakdown in administrative controls and
an issue with the sprinkler system it can compromise the fire safety strategy. The
exception that allows for the unenclosed stair, compromises the compartmentation of the
building, and relies on the sprinkler system to control a fire. The RSET for the building is
908 seconds or 15.1 mins and the ASET, based on visibility is at maximum 450 seconds.
Since the ASET is less than the RSET, for this design scenario, it fails the life safety
criteria. With this, even though the building meets code criteria, it fails when it comes to
administrative controls and the intent of the code is compromised with a malfunctioning
sprinkler system.
CONCLUSIONS
This reports purpose is to perform a prescriptive analysis and performance based
analysis of the fire and life safety systems of building 172B on Cal Poly’s campus. This
section will summarize the findings of each analysis as well as recommendations to
mitigate any shortcomings that were found in this academic analysis.
Prescriptive Analysis
The prescriptive position of this analysis for Building 172B was completed using
the 2016 version of the IBC and various recent editions of NFPA codes. The building was
constructed under the 2013 version of the CBC. Where the IBC called out requirements
for the building to meet in terms of construction requirements, space separation, interior
finishes, and fire resistive ratings for the R-2 occupancy; Building 172B meets that
requirement or provides above and beyond. The building is equipped with an automatic
sprinkler system and is built by the requirements listed in NFPA 13R. The alarm and
detection features of this building are also built to code requirements listed in NFPA 72,
providing an EVACS system to aid in the safe evacuation of the occupants. Egress
requirements in terms of space between exits and the amount of exits for occupants is
plenty, given that the occupancy for the current state of the building is much lower than it
could be. The one point of the building that could be seen not to code, is the unenclosed
stair in the core of the building connecting all four floors. When looking in depth, this is
an exception for a sprinklered building allowed by the 2013 CBC for up to four floors,
which Building 172B qualifies for. In terms of looking at Building 172B through a purely
prescriptive based analysis approach, the building meets all code requirements.
Performance Based Analysis
Even though Building 172B meets all prescriptive code requirements, its
important to perform a performance based design to ensure that the building still
performs to the intent of the code. The performance based analysis focused on the
77

unenclosed stair since it heavily relies on the use of sprinklers for the fire safety strategy.
Since such a heavy emphasis is reliant on the sprinkler system working, this model’s
purpose is to investigate the scenario if the sprinklers were impaired during a fire. In hand
calculations performed in the egress analysis, it was determined that the RSET for
Building 172B is 908 seconds or 15.1 mins. The ASET determined by the visibility
tenability criteria in the fire model determined that occupants on the fire floor had
approximately 180 seconds before losing visibility, with the entire building being
obscured at 450 seconds. Concluding that in this scenario, the ASET is less than RSET
which points to a flaw in the building design. The intent of the code is to protect those not
intimate with the fire, and without separating the main core with an unenclosed stair from
the corridors, it compromises a safe egress passageway for those who are not intimate
with the fire. Enforcing administrative controls to keep the corridor free from fuel, as
well as frequent testing and maintenance of the sprinkler protection system will help
prevent the design fire analyzed.
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Appendix A
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FST-851(A) Series
Intelligent Thermal (Heat) Detectors
with FlashScan®
Intelligent / Addressable Devices

Notifier FST-851(A) Series intelligent plug-in thermal detectors
with integral communication has features that surpass conventional detectors. Point ID capability allows each detector’s
address to be set with rotary, decimal address switches, providing exact detector locations. FST-851(A) Series thermal
detectors use an innovative thermistor sensing circuit to produce 135°F/57°C fixed-temperature (FST-851/A) and rate-ofrise thermal detection (FST-851R/A) in a low-profile package.
FST-851H(A) provides fixed high-temperature detection at
190°F/88°C. These thermal detectors provide effective, intelligent property protection in a variety of applications. FST851(A) Series detectors are compatible with Notifier Onyx and
CLIP series Fire Alarm Control Panels (FACPs).
FlashScan® (U.S. Patent 5,539,389) is a communication protocol developed by Notifier Engineering that greatly enhances
the speed of communication between analog intelligent
devices and certain NOTIFIER systems. Intelligent devices
communicate in a grouped fashion. If one of the devices within
the group has new information, the panel’s CPU stops the
group poll and concentrates on single points. The net effect is
response speed greater than five times that of earlier designs.

Features
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•

•
•

Sleek, low-profile, stylish design.
State-of-the-art thermistor technology for fast response.
Rate-of-rise model (FST-851R/A), 15°F (8.3°C) per minute.
Factory preset fixed temperature at 135°F (57°C); high-temperature model fixed at 190°F (88°C).
Addressable by device.
Compatible with FlashScan® and CLIP protocol systems.
Rotary, decimal addressing (1-99 on CLIP systems, 1-159
on FlashScan systems).
Two-wire SLC connection.
Visible LEDs “blink” every time the unit is addressed.
360°-field viewing angle of the visual alarm indicators (two
bi-color LEDs). LEDs blink green in Normal condition and
turn on steady red in Alarm.
Integral communications and built-in device-type identification.
Remote test feature from the panel.
Built-in functional test switch activated by external magnet.
Walk test with address display (an address of 121 will blink
the detector LED 12-(pause)-1).
Low standby current.
Backward-compatible.
Built-in tamper-resistant feature.
Designed for direct-surface or electrical-box mounting.
Sealed against back pressure.
Plugs into separate base for ease of installation and maintenance. Separate base allows interchange of photoelectric, ionization and thermal sensors.
SEMS screws for wiring of the separate base.
Constructed of off-white fire-resistant plastic, designed to
commercial standards, and offers an attractive appearance.

FST-851(A) in B210LP(A) Base

B210-2251.jpg

General

• 94-5V plastic flammability rating.
• Remote LED output connection to optional RA100Z(A)
remote LED annunciator.
• Optional sounder, relay, and isolator bases.
• Optional flanced surface mounting kit.

Specifications
Size: 2.1" (5.3 cm) high; base determines diameter.
– B210LP(A): 6.1" (15.5 cm) diameter.
– B501(A): 4.1" (10.4 cm) diameter.
– B200S(A): 6.875" (17.46 cm) diameter.
– B200SR(A): 6.875" (17.46 cm) diameter.
– B224RB(A): 6.2" (15.748 cm) diameter.
– B224BI(A): 6.2" (15.748 cm) diameter.
Shipping weight: 4.8 oz. (137 g).
Operating temperature range: FST-851(A) Series, FST851R(A): –20°C to 38°C (–4°F to 100°F); FST-851H(A): –20°C
to 66°C (–4°F to 150°F).
Detector spacing: UL approved for 50 ft. (15.24 m) center to
center. FM approved for 25 x 25 ft. (7.62 x 7.62 m) spacing.
Relative humidity: 10% – 93% noncondensing.
Thermal ratings: fixed-temperature setpoint 135°F (57°C),
rate-of-rise detection 15°F (8.3°C) per minute, high temperature heat 190°F (88°C).

ELECTRICAL SPECIFICATIONS
Voltage range: 15 - 32 volts DC peak.
Standby current (max. avg.): 300 A @ 24 VDC (one communication every 5 seconds with LED enabled).
LED current (max.): 6.5 mA @ 24 VDC (“ON”).

Applications
Use thermal detectors for protection of property. For further
information, go to systemsensor.com for manual I56-407-00,
Applications Manual for System Smoke Detectors, which provides detailed information on detector spacing, placement,
zoning, wiring, and special applications.
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Installation
The FST Series plug-in intelligent thermal detectors use a separate base to simplify installation, service, and maintenance.
Installation instructions are shipped with each detector. A special tool allows maintenance personnel to plug in and remove
detectors without using a ladder
Mount base (all base types) on an electrical backbox which is
at least 1.5" (3.81 cm) deep. For a chart of compatible junction
boxes, see DN-60054.
NOTE: 1) Because of the inherent supervision provided by the
SLC loop, end-of-line resistors are not required. Wiring “T-taps” or
branches are permitted for Style 4 (Class “B”) wiring. 2) When
using relay or sounder bases, consult the ISO-X(A) installation
sheet I56-1380 for device limitations between isolator modules
and isolator bases.

Agency Listings and Approvals
These listings and approvals apply to the modules specified in
this document.In some cases, certain modules or applications
may not be listed by certain approval agencies, or listing may
be in process. Consult factory for latest listing status.
•
•
•
•
•
•
•
•

UL Listed: S747.
ULC Listed: S6978.
MEA Listed: 383-02-E.
FM Approved.
CSFM: 7270-0028:0196.
BSMI: CI313066760025.
CCCF: Certif. # 2004081801000018.
U.S. Coast Guard: 161.002/42/1 (NFS-640); 161.002/50/0
(NFS2-640/NFS-320/NFS-320C, excluding B210LP(A)).
• Lloyd’s Register: 11/600013 (NFS2-640/NFS-320/NFS320C, excluding B210LP(A)).

with ANSI Temporal 3, ANSI Temporal 4, continuous tone,
marching tone, and custom tone.
B200SR(A): Intelligent sounder base capable of producing
sound output with ANSI Temporal 3 or continuous tone.
Replaces B501BH series bases in retrofit applications.
B224RB(A): Intelligent relay base. Screw terminals: up to 14
AWG (2.0 mm²). Relay type: Form-C. Rating: 2.0 A @ 30 VDC
resistive; 0.3 A @ 110 VDC inductive; 1.0 A @ 30 VDC inductive.
B224BI(A): Intelligent isolator base. Isolates SLC from loop
shorts. Maximum: 25 devices between isolator bases; see
Note 2 under Installation.

ACCESSORIES
F110: Retrofit flange to convert B210LP(A) to match the
B710LP(A) profile, or to convert older high-profile bases to
low-profile.
F110BP: Bulk pack of F110; package contains 15.
F210: Replacement flange for B210LP(A) base.
RA100Z(A): Remote LED annunciator. 3 – 32 VDC. Fits U.S.
single-gang electrical box. Supported by B210LP(A) and
B501(A) bases only.
SMB600: Surface mounting kit, flanged.
M02-04-00: Test magnet.
M02-09-00: Test magnet with telescoping handle.
XR2B: Detector removal tool. Allows installation and/or
removal of FlashScan® Series detector heads from base in
high ceiling installations. Includes T55-127-010.
T55-127-010: Detector removal tool without pole.
XP-4: Extension pole for XR2B. Comes in three 5-foot (1.524
m) sections.

Product Line Information
NOTE: “A” suffix indicates ULC Listed model.

FST-851: Intelligent thermal detector. Must be mounted to one
of the bases listed below.
FST-851A: Same as FST-851 but with ULC Listing.
FST-851R: Intelligent thermal detector with rate-of-rise feature.
FST-851RA: Same as FST-851R but with ULC Listing.
FST-851H: Intelligent high-temperature thermal detector.
FST-851HA: Same as FST-851H but with ULC Listing.

INTELLIGENT BASES
NOTE: “A” suffix indicates ULC Listed model.
NOTE: For details about intelligent bases and their mounting, see
DN-60054.

B210LP(A): Standard U.S. flanged low-profile mounting base.
B210LPBP: Bulk pack of B210LP; package contains 10.
B501(A): Standard European flangeless mounting base.

B501BP: Bulk pack of B501; package contains 10.
B200S(A): Addressable Intelligent, programmable sounder
base capable of producing sound output in high or low volume

Notifier® and FlashScan® are registered trademarks of Honeywell
International Inc.
©2011 by Honeywell International Inc. All rights reserved. Unauthorized use
of this document is strictly prohibited.

This document is not intended to be used for installation purposes.
We try to keep our product information up-to-date and accurate.
We cannot cover all specific applications or anticipate all requirements.
All specifications are subject to change without notice.
Made in the U.S. A.

For more information, contact Notifier. Phone: (203) 484-7161, FAX: (203) 484-7118.
www.notifier.com
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Indoor SelectableOutput Speaker
Strobes and Dual
Voltage Evacuation
Speakers for Ceiling
Applications
System Sensor L-Series selectable-output speaker strobes
and dual-voltage evacuation speakers can reduce ground
faults and enable faster installation with lower current draw
and modern aesthetics.
Features
• Plug-in design and protective cover reduce ground faults
• U
 niversal mounting plate with an onboard shorting spring tests
wiring continuity before installation
• No extension ring required
• F
 ield selectable candela settings on ceiling units:
15, 30, 75, 95, 115, 150, and 177
• A
 utomatic selection of 12- or 24-volt operation
at 15 and 30 candela
• R
 otary switch simplifies field selection of speaker voltage (25
and 70.7 Vrms) and power settings (¼, ½, 1 and 2 watts)
• Speakers offer high fidelity and high volume sound output
• 520 Hz +/- 10% square wave tone capable with compatible FACP
• Compatible with System Sensor synchronization protocol
• Electrical compatibility with existing SpectrAlert and SpectrAlert
Advance products
• Tamper-resistant construction
• Updated modern aesthetics

Agency Listings

S4048

FM approved except
for ALERT models
3057493

System Sensor L-Series of speakers and speaker strobes
reduce costly ground faults using a plug-in design and universal
mounting plate that allow the installer to pre-wire mounting plates,
dress the wires, and confirm wiring continuity before plugging in the
speakers. In addition, a protective plastic cover prevents nicked
wires by covering exposed speaker components.
These devices also enable faster installations by providing instant
feedback to ensure that wiring is properly connected, rotary switches
to select voltage and power settings, and 7 field-selectable candela
settings for both wall and ceiling speaker strobes.
The low total harmonic distortion of the SP speaker offers high fidelity
sound output while still offering high volume sound output for use in
high ambient noise applications.
L-Series makes installation easy
• Attach a universal mounting plate to a 4 × 4 × 21/8 inch back box .
Flush-mount applications do not require an extension ring.
• Connect the notification appliance circuit or speaker wiring to the
terminals on the mounting plate.
• Attach the speaker or speaker strobe to the mounting plate by
inserting the product tabs into the mounting plate grooves. Hinge
the device into position to lock the product pins into the mounting
plate terminals. The device will temporarily hold in place with a
catch until it is secured with a captured mounting screw.

7320-1653:0505
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L-Series Speaker and Speaker Strobe Specifications
Architectural/Engineering Specifications
General
L-Series speaker and speaker strobes shall mount to a 4 × 4 × 21/8-inch back box. A universal mounting plate shall be used for mounting
ceiling and wall products. The notification appliance circuit and amplifier wiring shall terminate at the universal mounting plate. Also, L-Series
speaker strobes, when used with the Sync•Circuit™ Module accessory, shall be powered from a non-coded notification appliance circuit
output and shall operate on a nominal 12 or 24 volts. When used with the Sync•Circuit Module, 12-volt rated notification appliance circuit
outputs shall operate between 8.5 and 17.5 volts; 24-volt rated notification appliance circuit outputs shall operate between 16.5 and 33 volts.
Indoor L-Series products shall operate between 32°F and 120°F from a regulated DC, or full-wave rectified, unfiltered power supply. Speaker
strobes shall have field-selectable candela settings including 15, 30, 75, 95, 115, 150, 177.
Speaker
The speaker shall be a System Sensor L-Series model _______ dual-voltage transformer speaker capable of operating at 25.0 or 70.7 nominal
Vrms. It should be listed to UL 1480 and shall be approved for fire protective service. The speaker shall have a frequency range of 400 to
4,000 Hz and shall have an operating temperature between 32°F and 120°F. The speaker shall have power taps and voltage that are selected
by rotary switches.
Speaker Strobe combination
The speaker strobe shall be a System Sensor L-Series model __________ listed to UL1480 and UL 1971 and be approved for fire protective
signaling systems. The speaker shall be capable of operating at 25.0 or 70.7 nominal Vrms selected via rotary switch, and shall have a
frequency range of 400 to 4,000 Hz. The speaker shall have power taps that are selected by rotary switch. The strobe shall comply with the
NFPA 72 requirements for visible signaling appliances, flashing at 1 Hz over the strobe’s entire operating voltage range. The strobe light shall
consist of a xenon flash tube and associated lens/reflector system.
Synchronization Module
The module shall be a System Sensor Sync•Circuit model MDL3 listed to UL 464 and shall be approved for fire protective service. The
module shall synchronize SpectrAlert strobes at 1 Hz. The module shall mount to a 411/16 × 411/16 × 21/8-inch back box. The module shall also
control two Style Y (class B) circuits or one Style Z (class A) circuit. The module shall synchronize multiple zones. Daisy chaining two or more
synchronization modules together will synchronize all the zones they control. The module shall not operate on a coded power supply.
Physical Specifications
Operating Temperature
32°F to 120°F (0°C to 49°C)
Humidity Range
10 to 93% non-condensing
Dimensions, Ceiling-Mount
Diameter
Depth
SPC Speaker
6.8 in, 173 mm
1.0 in, 25 mm
With Surface Mount Back Box
6.9 in, 176 mm
3.5 in, 89 mm
SPSC Speaker Strobe
6.8 in, 173 mm
2.8 in, 73 mm
With Surface Mount Back Box
6.9 in, 176 mm
5.37 in, 136 mm
*When using 12AWG, 14 AWG, or adding extra wires in the box, a deeper box or extension ring is recommended.
Electrical/Operating Specifications
Nominal Voltage (speakers)
25 Volts or 70.7 Volts (nominal)
Maximum Supervisory Voltage (speakers)
50 VDC
Strobe Flash Rate
1 flash per second
Nominal Voltage (strobes)
Regulated 12 VDC or regulated 24 VDC/FWR 1,2
Operating Voltage Range (includes fire
8 to 17.5 V (12 V nominal) or 16 to 33 V (24 V nominal)
alarm panels with built in sync)
Operating Voltage with MDL3 Sync Module
8.5 to 17.5 V (12 V nominal) or 16.5 to 33 V (24 V nominal)
Frequency Range
400 to 4,000 Hz3
Power
¼, ½, 1, 2 watts
1. Full Wave Rectified (FWR) voltage is a non-regulated, time-varying power source that is used on some power supply and panel outputs.
2. Strobe products will operate at 12 V nominal only for 15 and 30 cd.
3. 520 Hz +/- 10% square wave tone capable with compatible FACP.
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UL Current Draw Data
UL Max. Strobe Current Draw (mA RMS)
8 to 17.5 Volts
DC
Candela
15
87
30
153
75
NA
95
NA
115
NA
150
NA
177
NA

16 to 33 Volts
DC
41
63
111
134
158
189
226

FWR
60
86
142
164
191
228
264

Ceiling-Mount Speaker Sound Output
Setting
UL Reverberant (dBA @10 ft)
1/4 W
79
1/2 W
82
1W
85
2W
88

UL Anechoic (dBA @10 ft)
79
82
85
88

Ceiling-Mount Speaker Strobe Sound Output
Setting
UL Reverberant (dBA @10 ft)
1/4 W
77
1/2 W
80
1W
83
2W
86

UL Anechoic (dBA @10 ft)
77
80
83
86

L-Series Dimensions
1.0"
(25.4 mm)

6.8" dia.
(173 mm)

1.63"
(41.66 mm)

A0543-00

Ceiling Speaker
2.87"
(72.9 mm)

6.8" dia.
(173 mm)

1.76"
(44.7 mm)

1.63"
(41.66 mm)

A0544-00

Ceiling Speaker Strobe
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Surface Mounting

A0504-01

A0520-01

Ceiling Speaker with Surface Mount Back Box

Ceiling Speaker Strobe with Surface Mount Back Box

A0542-00

Ceiling Speaker Strobe with Trim Ring and 4" Square Electrical Box

L-Series Ordering Information
Ceiling Mount
White
SPCWL
SPSCWL
SPSCWL-P
SPSCWL-SP
SPSCWL-CLR-ALERT

Red
SPCRL
SPSCRL
—
—
—

Description
Speaker only
Speaker Strobe
Plain, Speaker Strobe
Fuego, Speaker Strobe
Alert, Speaker Strobe, Clear Lens

Accessories
White
SBBCWL
TRC-2W

Red
SBBCRL
TRC-2

Description
Universal Ceiling Surface Mount Back Box
Universal Ceiling Trim Ring

3825 Ohio Avenue • St. Charles, IL 60174
Phone: 800-SENSOR2 • Fax: 630-377-6495
www.systemsensor.com

©2018 System Sensor.
Product specifications subject to change without notice. Visit systemsensor.com
for current product information, including the latest version of this data sheet.
AVDS866-03 • 03/23/2018
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FSP-851(A) Series
Intelligent Plug-In Photoelectric
Smoke Detectors with FlashScan®
Intelligent/Addressable Devices

Notifier FSP-851(A) Series intelligent plug-in smoke detectors with integral communication provide features that surpass conventional detectors. Detector sensitivity can be
programmed in the control panel software. Sensitivity is continuously monitored and reported to the panel. Point ID capability allows each detector’s address to be set with rotary,
decimal address switches, providing exact detector location
for selective maintenance when chamber contamination
reaches an unacceptable level. The FSP-851(A) photoelectric detector’s unique optical sensing chamber is engineered
to sense smoke produced by a wide range of combustion
sources. Dual electronic thermistors add 135°F (57°C) fixedtemperature thermal sensing on the FSP-851T(A). The FSP851R(A) is a remote test capable detector for use with
DNR(A)/DNRW duct detector housings. FSP-851(A) series
detectors are compatible with Notifier Onyx and CLIP series
Fire Alarm Control Panels (FACPs).
FlashScan® (U.S. Patent 5,539,389) is a communication
protocol developed by Notifier that greatly increases the
speed of communication between analog intelligent devices.
Intelligent devices communicate in a grouped fashion. If one
of the devices in the group has new information, the panel’s
CPU stops the group poll and concentrates on single points.
The net effect is response speed greater than five times that
of earlier designs.

Features
•
•
•
•
•
•
•
•
•
•

•
•

•
•
•
•

•
•
•

Sleek, low-profile design.
Addressable-analog communication.
Stable communication technique with noise immunity.
Low standby current.
Two-wire SLC connection.
Compatible with FlashScan® and CLIP protocol systems.
Rotary, decimal addressing (1-99 on CLIP systems, 1-159
on FlashScan systems).
Optional remote, single-gang LED accessory.
Dual LED design provides 360° viewing angle.
Visible bi-color LEDs blink green every time the detector is
addressed, and illuminate steady red on alarm (FlashScan systems only).
Remote test feature from the panel.
Walk test with address display (an address on 121 will
blink the detector LED: 12-[pause]-1(FlashScan systems
only).
Built-in functional test switch activated by external magnet.
Built-in tamper-resistant feature.
Sealed against back pressure.
Constructed of off-white fire-resistant plastic, designed to
commercial standards, and offers an attractive appearance.
94-5V plastic flammability rating.
SEMS screws for wiring of the separate base.
Optional relay, isolator, and sounder bases.

FSP-851(A) in B210LP(A) Base

B210-2951.jpg

General

Specifications
Sensitivity: 0.5% to 2.35% per foot obscuration
Size: 2.1" (5.3 cm) high; base determines diameter.
– B210LP(A): 6.1" (15.5 cm) diameter.
– B501(A): 4.1" (10.4 cm) diameter.
– B200S(A): 6.875" (17.46 cm) diameter.
– B200SR(A): 6.875" (17.46 cm) diameter.
– B224RB(A): 6.2" (15.748 cm) diameter.
– B224BI(A): 6.2" (15.748 cm) diameter.
Shipping Weight: 5.2oz. (147g).
Operating Temperature range: FSP-851(A), 0°C to 49°C
(32°F to 120°F). FSP-851T(A), 0°C to 38°C (32°F to 100°F).
Low temperature signal for FSP-851T(A) at 45°F +/- 10°F
(7.22°C +/- 5.54°C). FSP-851R(A) installed in a DNR(A)/
DNRW, -20°C to 70°C (-4°F to 158°F).
UL/ULC Listed Velocity Range: 0-4000 ft/min. (1219.2 m/
min.), suitable for installation in ducts.
Relative Humidity: 10%-93% noncondensing.
Thermal Ratings: Fixed-temperature setpoint 135°F (57°C).

DETECTOR SPACING AND APPLICATIONS
Notifier recommends spacing detectors in compliance with
NFPA 72. In low airflow applications with smooth ceiling,
space detectors 30 feet (9.144m) for ceiling heights 10 feet
(3.148m) and higher. For specific information regarding
detector spacing, placement, and special applications refer to
NFPA 72. System Smoke Detector Application Guide, document A05-1003, is available at systemsensor.com
ELECTRICAL SPECIFICATIONS
Voltage Range: 15-32 volts DC peak.
Standby Current (max. avg.): 300μA @ 24VDC (one communication every five seconds with LED enabled).
LED Current (max.): 6.5mA @ 24 VDC (“ON”).
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Installation

B210LPBP: Bulk pack of B210LP; package contains 10.

FSP-851(A) plug-in detectors use a separate base to simplify
installation, service, and maintenance. A special tool allows
maintenance personnel to plug in and remove detectors without using a ladder.

B501(A): Standard European flangeless mounting base.

Mount base (all base types) on an electrical backbox which is
at least 1.5" (3.81 cm) deep. For a chart of compatible junction boxes, see DN-60054.
NOTE: 1) Because of inherent supervision provided by the SLC
loop, end-of-line resistors are not required. Wiring “T-taps” or
branches are permitted for Style 4 (Class “B”) wiring. 2) When
using relay or sounder bases, consult the ISO-X(A) installation
sheet I56-1380 for device limitations between isolator modules
and isolator bases.

Agency Listings and Approvals
These listings and approvals apply to the modules specified
in this document. In some cases, certain modules or applications may not be listed by certain approval agencies, or listing
may be in process. Consult factory for latest listing status.
• UL Listed: S1115.
• ULC Listed: S1115 (FSP-851A, FSP-851RA, FSP851TA).
• MEA Listed: 225-02-E .
• FM Approved.
• CSFM: 7272-0028:0206 .
• Maryland State Fire Marshal: Permit # 2122 .
• BSMI: CI313066760036.
• CCCF: Certif. # 2004081801000017 (FSP-851T)
Certif. # 2004081801000016 (FSP-851).
• U.S. Coast Guard: 161.002/42/1 (NFS-640); 161.002/50/
0 (NFS2-640/NFS-320/NFS-320C, excluding B210LP(A)).
• Lloyd’s Register: 11/600013 (NFS2-640/NFS-320/NFS320C, excluding B210LP(A)).

B501BP: Bulk pack of B501; package contains 10.
B200S(A): Intelligent, programmable sounder base capable
of producing sound output in high or low volume with ANSI
Temporal 3, ANSI Temporal 4, continuous tone, marching
tone, and custom tone.
B200SR(A): Intelligent sounder base capable of producing
sound output with ANSI Temporal 3 or continuous tone.
Replaces B501BH series bases in retrofit applications.
B224RB(A): Plug-in System Sensor relay base. Screw terminals: up to 14 AWG (2.0 mm²). Relay type: Form-C. Rating:
2.0 A @ 30 VDC resistive; 0.3 A @ 110 VDC inductive; 1.0 A
@ 30 VDC inductive.
B224BI(A): Plug-in System Sensor isolator detector base.
Maximum 25 devices between isolator bases.

ACCESSORIES
F110: Retrofit flange to convert B210LP(A) to match the
B710LP(A) profile, or to convert older high-profile bases to
low-profile.
F110BP: Bulk pack of F110; package contains 15.
F210: Replacement flange for B210LP(A) base.
RA100Z(A): Remote LED annunciator. 3 – 32 VDC. Mounts
to a U.S. single-gang electrical box. For use with B501(A)
and B210LP(A) bases only.
SMB600: Surface mounting kit
M02-04-00: Test magnet.
M02-09-00: Test magnet with telescoping handle.
XR2B: Detector removal tool. Allows installation and/or
removal of detector heads from bases in high ceiling applications.

Product Line Information

XP-4: Extension pole for XR2B. Comes in three 5-foot (1.524
m) sections.

NOTE: “A” suffix indicates ULC Listed model.

T55-127-010: Detector removal tool without pole.

FSP-851: Low-profile intelligent photoelectric sensor. Must
be mounted to one of the bases listed below.

BCK-200B: Black detector covers for use with FSP-851(A)
only; box of 10.

FSP-851A: Same as FSP-851 but with ULC listing.

WCK-200B: White detector covers for use with FSP-851(A)
only; box of 10.

FSP-851T: Same as FSP-851 but includes a built-in 135°F
(57°C) fixed-temperature thermal device.
FSP-851TA: Same as FSP-851T but with ULC listing.
FSP-851R: Low-profile intelligent photoelectric sensor,
remote test capable. For use with DNRA/DNRW.
FSP-851RA: Same as FSP-851R but with ULC listing. For
use with DNRA.

INTELLIGENT BASES
NOTE: “A” suffix indicates ULC Listed model.
NOTE: For details on intelligent bases, see DN-60054.

B210LP(A): Standard U.S. flanged low-profile mounting
base.
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